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ATOMIC  SCIENCE  AND  TECHNOLOGY  AND  COMMUNIST  CONSTRUCTION 


^ollov/lng  l3  the  translation  of  an  article 
oy  V.  S.  Yercel’yanov,  Chairman  of  the  State 
Committee  on  the  Uses  of  Atomic  Energy  of 
the  USSR  Council  of  Minis tera,  in  Atomnaya 
Energlya  (Atomic  Energy),  volume  llV  “ 
October  1961,  ppe.  301-312^ 


The  Draft  for  the  new  Soviet  Communist  Party  Progi’am 
contains  the  following  statement  ,  the  development  of 
new  technology  will  be  applied  toward  the  radical  impro¬ 
vement  and  facilitation  of  working  conditions  for  the 
Soviet  people,  shortening  of  the  working  day  and  impinyve- 
ment  in  living  standards,  the  liquidation  of  hard  physical 
labor,  and  finally  the  elimination  of  all  unskilled  labor',' 

Advances  in  tlie  physical  sciences  and  nuclear  physics 
in  particular  open  up  great  new  possibilities  for  achiev¬ 
ing  the  goal  of  constructing  a  new  communist  society. 

Atomic  energy.  In  its  role  of  a  new  and  powerful 
source  of  highly  conoentreted  energy,  can  effect  a  con¬ 
siderable  increase  in  the  per  capita  power  output  of  the 
Soviet  Union,  making  it  possible  for  the  Soviet  economy 
to  solve  problems  whose  solution  could  not  even  be 
approached  on  the  basis  of  usual  power  production  facili¬ 
ties.  Radioactive  isotopes  as  radiation  sources  create 
wonderful  possibilities  for  the  automation  of  industrial 
processes  and  the  replacement  of  men  by  machines.  Iso¬ 
topes  are  likewise  gaining  wider  use  in  medicine,  scien¬ 
tific  research,  and  the  most  varied  sectors  of  the  nation¬ 
al  economy. 

Scientific  researches  and  studies  in  the  field  of 
nuclear  physics  are  presently  at  different  stages  and 
levels  of  development,  so  that  the  scale  of  efforts  to 
apply  their  results  is  likewise  variable.  Itie  most 
advanced  research  fields  at  this  time  have  to  do  with 
the  harnessing  of  the  fislon  energy  of  heavy  nuclei 
(uranium  and  plutonium).  These  processes  have  already 
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found  pra.ticdl  application  in  the  for-m  of  electrical 
powerstations  and  other  power-producing  facilities. 

The  world's  first  industrial  atomic  electrical 
powerstation  with  a  5000-kilowatt  capacity  was  put  into 
operation  in  the  Soviet  Union  over  7  years  ago  and  has 
been  functioning  successfully  and  without  interuption 
since  that  time.  Work  is  new  being  completed  on  the 
construction  of  a  first  line  of  major  atomic  electrical 
powerstations  near  Voronezh  and  in  Beloyarsk. 

Hxe  uvanium-graphite  reactor  at  the  Beloyarsk  Atomic 
Electrical  Power  Station  imini  I,  V.  Kurchatov  has  an 
electrical  power-producing  capacity  of  100,000  kilowatts 
and  represents  an  original  design  developed  by  Soviet 
specialists.  Using  slightly  enriched  uranium,  this 
reactor  produces  supei^xeated  steam  at  a  pressure  of  100 
atmospheres.  Thus,  for  the  standpoint  of  its  operating 
perameters,  the  Beloyarsk  reactor  will  be  the  finest  in 
the  world. 

The  Novc-Vorenezhskaya  Atomic  Electrical  Power  Sta¬ 
tion  is.  based  on  water-water  reactors  each  generating 
210,000  kilowatts  of  electric  power. 

With  Soviet  assistance,  both  Czechoslovakia  and  the 
Oerinan  Democratic  Republic  are  building  experimental 
electrical  power  stations.  The  150,000  kilowatt  atomic 
electrical  power  station  In  Czechoslovakia  is  to  be 
furnished  with  a  reactor  which  uses  heavy  water  as  the 
moderator  and  carbon  dioxide  as  the  heat  transfer  agent. 

In  the  Germany  Democratic  Republic,  the  power  capability 
of  the  first  line  in  an  electrical  power  station  based  on 
a  water-water  reactor  totals  70,000  kilowatts. 

Research  car.rled  on  by  Soviet  scientists  and  engin¬ 
eers  in  the  field  of  atomic  energy  is  accompanied  by  the 
construction  of  numerous  research  and  experimental  nuclear 
reactors  and  assemblies  of  various  types  and  power  capa¬ 
bilities.  This  includes  reactors  which  employ  gi-aphite* 
ordinary  and  heavy  water,  and  organic  fluids  as  moderators 
as  well  as  heavy  and  ordinary  water, organic  fluids,  and 
molten  metals  as  heat  transfer  agents.  Designs  have 
been  worked  out  for  reactors  based  on  neutrons  of  various 
energies,  varying  netron  flow  densities,  functioning  on 
a  continuous  and  pulsed  basis. 

As  is  known,  the  Soviet  Union  has  at  its  disposal 
enormous  reserves  of  vjrganic  fuels  and  hydro-electric 
power  resources  which  can  satisfy  the  countrj-'s  needs 
for  a  sufficiently  long  period;  on  the  other  hand,  the 
USSR  likewise  has  regions  which  are  far  removed  from  any 
of  the  conventional  power  supply  sources.  The  new  CPSU 
(Communist  Party  of  the  Soviet  Union)  Draft  Program  which 
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better  methods  of  building  reactors  and  atonic  eiectrxcf'l 


power  plants. 

In  particular,  cur  scieutlsts  have  built  om*  of 
today's  most  promising'  i*eeo tors --the  experlinentai  rfactor* 
based  on  fast  neutrons  which  KSchaci  critj. cality  in  June 
1956  and  has  been  successfully  functioning  for  ovo-r-  3 
years  now.  P.eao'ccrs  of  thin  type  make  It  possible  to 
obtain  up  to  1.5  kllogmins  cf  plutonium  for  U-233  in  place 
of  each  "burnt  up"  kilogram  of  U-235  or  plutcnium  at  the 
e.Kpen?Sfc  of  improved  neutron  balance.  This  epena  up 
perspectives  for  the  ccnfiidcx'abiy  fuller  use  of  nuclear 
fuel  resources. 


If  at  the  present  time,  the  standard  reactori}  baaed 
on  thci'roel  neutrons  use  up  only  0,4-0, 5  of  all  uranium 
extracted,  l.e.,  net  more  than  5  kiiogi'ams  of  each  100 
kilograms,  while  thorium  can  be  used  aa  a  nuclear  fuel 
only  through  the  considerable  expenditure  of  U~235>  reac¬ 
tors  based  on  fast  noutrens  make  it  possible  to  use  both 
U-238  and  thorium  fully.  ’With  the  aid  of  such  nuclear 
reactors,  it  is  poesivic  to  design  electrical  power 
statloria  of  greater  ;,;owcr  producing  capability  with  a 
relatively  low  annua i.  uranium  expenditure. 

Calculations  point  to  the  poselbillty  of  constructing . 
atomic  electrical  power  etatiens  with  a  totval  capability 
of,  let  U8  say,  ICO  million  kilowatts*  which,  tlirt^ugh 
the  use  of  reactors  baaed  on  fasit  neutrons  'will  expend 
less  than  1000  tons*  tf  natural  ui^niuni  each  year.  As  is 
kriovfn,  conventional  eiec  tried  po'wer  stations  based  on 
coal  require  200-30C  million  tons  cf  coel  pwr  ye&r  to 
produce  an  equal  smount  cf  pewex*. 

At  the  present  time,  considering  reactors  with  ex¬ 
panded  reproduction  of  the  fissionable  material  and  the 
full  use  of  uranium  anu  thorium,  cne  nic.y  consider  the 
problem  of  using  chain  flsslcn  reactions  of  the  heavy 
elements  (uranium  and  thcrium)  to  obtain  large  qucntitlcs 
of  electrical  energy  as  haviT*g  fundamentally  bee'n  solved. 
Atomic  electrical  power  stations  with  reactors  capable  of 
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asBuring  expanded  reproduction  of  the  nuclear  fuel  have 
not  aa  yet  been  actually  tested,  >»hlle  the  problem  of 
obtaining  large  quantities  of  electrical  energy  at  the 
expense  of  uranium  and  plutonium  fission  reactions  has 
not  as  yet  received  full  study  from  the  technical  and 
economic  viewpoint.  Studies  in  this  area  are  presently 
being' conducted  in  the  Soviet  Union,  as  well  as  in  the 
US.,  Britain,  and  Prance. 

The  quantities  of  fissionable  materials  required  to 
stoke  fast-neutron  reactors  are  still  quite  great;  it 
is  necessary  to  accelerate  the  nuclear  fuel  reproduction 
cycle  as  well  as  to  solve  certain  other  technological 
problems. 

The  further  automation  and  improvement  of  processes 
involved  in  the  extraction  and  purification  of  plutonium 
or  U-g33  from  fission  ficagments  and  the  automation  of 
heat -gene rating  element  production,  alopg  with  the  devel¬ 
opment  of  economically  feasible  reactor  designs,  repre¬ 
sents  one  of  the  most  important  tasks  along  the  path 
toward  the  wide  use  of  nuclear  fuel  for  the  creation  of 
an  extensive  atomic  power  base. 

Reactors  with  a  high  degree  of  nuclear  fuel  breeding 
in  combination  with  other  reactor  types  must  be  carefully 
studied  with  reference  to  the  problems  of  electrifying 
the  entire  country  and  making  wide  use  of  atomic  energy 
in  industry. 

Along  with  the  development  of  nuclear  reactor  designs 
for  electrical  power  stations  and  research  purposes, 

Soviet  specialists  have  created  reactors  to  be  used  in 
naval  vessel  power  installations.  The  Soviet  Union, 
having  at  its  disposal  a  number  of  first-class  atomic 
submarines  presently  engaged  in  the  defence  of  waters 
around  our  Motherland,  is  devoting  a  great  deal  of  atten¬ 
tion  to  the  peaceful  uses  of  atomic  energy  in  its  merch¬ 
ant  marine  fleet.  In  i960,  the  flagship  of  the  Soviet 
icebreaker  fleet,  the  atomic  icebreaker  "Lenin",  made  its 
maiden  run  over  the  Northern  Sea  Route. 

The  table  below  contains  some  data  on  the  Soviet 
icebreaker  aa  compared  with  the  first  American  atomic- 
powered  merchant  vessel,  the  "Savannah" .  ^^ee  Table  1 
at  end  of  repor^. 

For  the  first  time  in  the  history  of  the  Arctic,  a 
fleet  of  Soviet  vessels  headed  by  the  atomic  icebreaker 
"Lenin"  sailed  from  the  Kara  Sea  toward  the  Laptev  Sea 
in  the  East.  Tlie  icebreaker  "Lenin"  led  92  vessels 
through  the  hummocky  icefields  of  the  Northern  Sea  Route, 
where  the  thickness  of  the  ice  layer  sometimes  reached 
2.3  meters. 


ThUB,  we  have  ali^sady  had  our  first  experience  with 
the  use  of  atomic  energy  to  power  an  icebreaker;  this 
experiment  confirmed  the  excellent  results  obtainable 
with  Soviet-designed  reactors  for  ship  power  installation, 

»«» 

One  of  the  most  important  problems  involved  in  the 
wide  development  and  application  of  atomic  energy  is  that 
of  radioactive  wastes.  The  production  of  plutonium  and 
reprocessing  of  heat-generating  elements  at  atomic 
electrical  power  stations  and  power  facilities,  involves 
the  formation  of  large  quantities  of  radioactive  waste 
which  undergo  only  partial  disintegration  over  a  short 
period  of  time  and  present  a  danger  for  humans  for  many 
decades  to  come.  Gome  of  the  fragment  radio -isotopes 
are  finding  practical  application  in  industry,  medicine, 
and  other  areas.  Ihe  scale  on  which  they  are  employed 
la  as  yet  insignificant,  however. 

In  our  country,  radioactive  wastes  given  off  in  the 
purification  of  heat -gene rating  elements  coming  out  of 
the  reactors,  are  stored  in  special  facilities  designed 
for  the  purpose.  In  the  US  and  Britain,  radioactive 
.  plutonium  wastes  are  duiaped  in  the  seas  and  oceans,  which 
-  not  only  creates  a  danger  of  radioactive  contamination 
for  the  animal  and  plant  life  in  the  seas,  but  also  is  a 
threat  to  humans.  Radioactive  substances  accumulate  in 
plant  and  animal  organisms,  some  of  which  are  consumed  by 
man. 

Biological,  medical  and  genetic  studies  of  this 
problem  have  provided  sufficient  evidence  of  the  perni¬ 
cious  effects  of  radioactive  contamination  on  humanbeings 
and  require  the  development  of  special  measures  to  com¬ 
bat  the  penetration  of  radioactivity  into  the  human 
organism. 

Soviet  scientists  are  devoting  a  great  deal  of  atten¬ 
tion  to  the  study  of  radiological  problems  connected  with 
all  of  the  possible  forms  of  radioactive  contamination. 
Research  is  being  carried  on  to  discover  ways  of  burying 
radioactive  wastes  in  such  a  manner  that  the  radioactive 
material  will  never  escape  control  so  as  to  contaminate 
surrounding  areas  and  Inflict  harm  on  humanbeings. 

In  order  for  atomic  power  production  to  play  a 
significant  role  in  the  general  power  production  system 
in  the  Soviet  Union,  it  will  be  necessary  to  effect  a 
considerable  decrease  in  the  cost  of  electrical  power  pro¬ 
duced  at  atomic  electric  power^  stations. 

One  of  the  most  important  problems  in  the  field  of 
nuolaar  power  ..productiQa_  ia  the  working  out  of  methods 
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for  the  direct  transfomiation  of  the  energy  of  nuclear 
processes  Into  electricity. 

In  the  Soviet  Urclon,  research  on  tne  dlr*ect  trans* 
formation  of  heat  Into  electrical  energy  has  been  under 
way  for  a  long  time.  Academician  A.  P.  Ioffe  developed 
not  only  the  theory  of  thennal  electric  transformers  but 
also  directed  the  construction  of  tne  firct  thennal 
batteries.  New  seml-ccnductors  developed  by  Soviet 
scientists  exhibit  even  higher  technical  qualities  and 
retain  their  properties  for  a  long  time. 

In  a  nuclear  reactor,  energy  can  be  produced  at 
extremely  high  temperatures,  and  this  creates  favorable 
prospects  for  ootalnlng  high  efficiencies  in  the  trans¬ 
formation  of  fission  energy  into  electrlcty.  The  direct 
transformation  of  nuclear  energy  into  electrical  energy 
will  result  in  the  considerable  simplification  of  electri 
cal  power  producing  schemas,  thereby  having  an  enormous 
effect  on  various  branches  of  technology.  For  this 
reason,  the  new  Party  Draft  Program  explicitly  expresses 
the  need  for  further  z*esearch  on  methocs  of  "v'?.i]r*e'ctly 
transforming  thermal,  nuclear,  solar,  and  chemical  energy 
into  electricity...” 

It  la  obvious  that  with  the  great  prospects  now 
r’acing  atomic  energy,  much  attention  must  be  devoted  to 
the  physics  of  nuclear  reactors.  Soviet  scientists  are 
conducting  various  studies  in  thlc  area,  extending  them 
systematically  as  the  fundamental  basis  of  industrial 
development.  As  an  e.ranpie,  we  might  mention  one  of  the 
trends  in  this  wonk. 

In  19'5o,  the  unified  Nuclear  Research  Institute  at 
Dubna  put  into  operation  a  new  nuclear  reactor  designed 
for  research  purposes  In  the  area  of  neutron  physics; 
the  design  for  this  reactor  bears  the  stamp  of  great 
originality.  This  la  the  world's  only  reactor  based  on 
the-  use  of  plutonium  rods  and  a  disc  bearing  U-235,  be- 
volving  at  a  rate  of  5000  revolutions  pr-r  minute.  At 
maximum  pulse  height,  th.ls  reactc^  attains  a  power  of 
3000  kilowatts.  It  is  capable  of  producing  a  globular 
neutron  burst  of  jO'^  neutrons  per  second  at  a  periodic 
rate  of  6.3  times  a  second  at  the  pulse  maximum. 


Over  the  past  few  years,  in  addition  to  the  applica 
tlon  of  atomic  energy  In  power  production,  there  have 
been  important  developments  in  the  use  of  radioactive 
isotopes  and  nuclear  radiaticn. 


6 


;\t  tfte  present  time,  radioactive  and  stable  isotopes 
end  nuclear  radiations  in  our  count rj'  are  being  employed 
by  over  2500  research,  medical  and  industrial  organisa¬ 
tions.  Practically  all  branches  of  the  national  economy 
today,  although  to  varying  degrees,  are  making  use  of 
radioactive  isotopes.  Soviet  industry  is  now  producing 
over  300  radioactive  and  stable  isotopes  in  the  fonn  of 
radioactive  sources  and  tracer  compounds. 

Isotope  products  are  being  widely  distributed  both 
inside  the  country  and  exported  to  the  People's  Demo¬ 
cracies,  Japan,  the  UAR,  Iraq,  Mexico  and  other  countries. 

But  the  practical  application  of  isotope  techniques 
is  actually  only  beginning.  It  will  undergo  continual 
expansion:  full  use  must  be  made  of  this  newly-conquered 
force  of  nature.  In  this  connection  it  should  be  noted 
that  at  the  present  time,  only  about  1-lOth  of  the  radio¬ 
active  and  stable  isotopes  known  to  science  are  in  actual 
use. 

The  utilization  of  radioactive  Isotopes  as  tracer 
atoms  in  scientific  research  and  for  many  other  purposes 
has  become  an  Integral  part  of  actual  scientific  and 
Industrial  practise.  Important  advances  have  likewise 
been  made  in  techniques  based  on  the  penetrating  power 
of  Ionizing  radiation  the  injury  it  Inflicts,  energy 
generation,  the  activation  of  other  materials,  etc. 

Vai’ious  devices  based  on  the  use  of  radioactive 
Isotopes  to  a  great  degree  satisfy  the  needs  of  modem 
Industry  which  is  today  characterized  by  a  great  accele¬ 
ration  of  various  processes,  the  utilization  of  high 
temperatures  and  pressures,  and  automatic  regulation. 

Thus,  for  example,  in  both  ferrous  and  non-ferrous  metal¬ 
lurgy,  radioactive  Isotopes  and  ionizing  radiations  make 
it  possible  to  maintain  continuous  control  over  the  auto¬ 
matic  mixing  of  metals  and  crystalization  processes,  as 
well  as  to  create  techniques  for  continuously  controllng 
rolled  plate  and  ribbon  thicknesses,  and  blast  furnace 
stoking  processes;  in  the  machine  building  industry, 
isotopic  methods  are  employed  in  product  defectoccopy 
and  surveillance  over  machine  and  instrument  wear;  in 
the  building  industry.  Isotope  instruments  are  used  to 
contml  the  quality  of  concrete  structures  during  the 
pouring  process  and  to  check  the  strength  of  reinforced 
concrete  mernbera. 

Radioactive  methods  have  likewise  gained  wide 
acceptance  in  geological  survey  work  and  mineral  prospec¬ 
ting.  According  to  the  Economics  Institute  of  the  USSR 
Academy  of  Sciences,  2.2  million  tens  of  high-quality 
petroleum  have  been  discovered  by  these  methods  in 
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abandoned  well  holes  In  the  V/eatem  Ukraine  and  Azerbay- 
dzhan  alone.  Accon  •na;  to  data  from  the  same  source, 
the  economic  effect  ex'  using  I'adioactive  methods  in  pro¬ 
specting  and  ore  survey  work  amounted  to  over  45  million 
roubles  in  i960. 

Great  pcssibllitiea  are  likewise  opened  up  by  the 
use  of  ionizing  radiation  for  the  realization  of  various 
radiochemical  processes. 

As  examples  of  economically  profitable  processes, 
one  can  already  today  cite  Phe  oxidation  of  organic  com¬ 
pounds,  Including  benzene,  and  the  radiation  polymeriza¬ 
tion  of  a  number  of  organic  compounds,  making  It  possible 
to  obatin  materials  with  considerably  improved  properties. 

The  radiation  synthesis  of  polyethylene  makes  it  possible  * 

to  carry  out  the  process  at  pressui’es  of  250-300  atmos¬ 
pheres  and  temperatures  of  3O-8O  degrees  C  without  the 
use  of  catalysts.  The  use  of  insulation  made  of  stable 
polyethylene  in  the  electrical  Industry  makes  it  possible 
to  lower  copper  expenditures  through  Increased  current 
carrying  capacity  without  lowering  the  durability  of  the 
cable. 

These  and  many  other  applications  of  radioactive 
isotopes  demonstrate  that  radioisotope  techniques  have 
become  an  important  tool  in  the  development  of  technology 
within  the  national  economy. 

At  the  present  time,  radioactive  and  stable  isotopes 
in  the  Soviet  Union  are  employed  in  the  production  of 
over  700  various  chemical  compounds, 

Fadloactive  Isotopes  and  nuclear  radiations  are 
opening  up  great  prc^spects  in  medicine,  finding  wide 
application  in  the  diagnosis  and  treatment  of  a  number  of 
disorders.  For  example,  with  the  aid  of  radioactive  iso¬ 
topes  It  is  possible  to  study  the  functions  of  certain 
organs  and  organ  systems  without  interfering  with  their 
functioning.  Thus,  the  J-I31  isotope  is  used  in  the 
diagnosis  of  thyroid  disorders.  The  P-32  Isotope  enables 
physicians  to  determine  the  amount  of  blood  circulating 
in  the  organism.  The  diagnosis  of  brain  and  nervous 
system  tumors  is  accomplished  through  the  use  of  radio-  ^ 

active  isotopes  of  radon,  xenon,  and  iodine.  External 
irradiation  techniques  with  devices  using  C0-60  and  Cs-137 
for  treating  skin,  esophagus,  lung  and  other  cancers  have  » 

been  developed. 

There  are  also  new  methods  of  radio -surgical,  inter- 
cavity  and  Inter-tlBsue  radiation  treacments  which  are 
employed  in  coniunctlon  with  extenial  radiation.  These 
make  use  of  Co -60,  Ce.-137,  Au-198  Isotopes  in  colloidal 
solution,  granules  of  Y-90,  etc. 

The  above  examples  of  the  use  of  radioactive  Isotopes 
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and  radiation  in  medicine  only  partially  Illustrate  the  1 
j  enormous  possibilities  of  the  peaceful  uses  of  atomic 
!  energy  on  behalf  of  mankind. 

Agriculture  can  also  be  benefitted  widely  through 
I  the  use  of  isotopes;  in  the  future,  we  shall  expect  the  •  ^ 
j  discovery  of  new  possibilities  and  prospects,  partioularlyj 
I  in  the  use  of  radioactive  radiation  in  the  canning  of  ^ 

I  jsgricultural  products*  j  . 

Modem  technology  has  a4 -its  disposal  a  wide  range 
:  of  radioactive  isotopes  of  varying  energies,  half-lives, 
i  and  other  properties.  This  makes  it  possible  for  tech- 
j  nioians  to  solve  problems  about  which  one  could  not  even 
!  dream  in  the  past.  For  example,  the  uee'of  radioactive 
i  isotopes  in  sutomation  osn  be  an  important  means  of 
solving  one  of  the  problems  posed  by  the  new  CFSU  programti 
I  '*..«!Ihe  liquidation  of  hard  physical  labor,  and  then  of 
I  all  unskilled  labor  £n  general.*'  llhua,  for  example,  in 
!  the  ore  extraction  and  enrichment  branches  of  industry, 

;  the  operations  involved  in  pulverising,  transporting,  and 
i  enriching  coal  and  ore>  in  which  the  performance  of  mono- 
j  tenous  and  simple  functions  requires  the  presence  of  men 
;  in  an  atmosphere  of  ore  and  coal  dust  and  constant  maoh- 
j  ine  noise,  the  use  of  devices  based  on  radioactive  iso¬ 
topes  will  make  possible  the  complete  automation  of  in¬ 
i'  dustnal  processes  end  to  replace  human  labor  with  maohi- 
I  nes.  The  first  indue trial  experiments  on  the  ure  of 
i  radioactive  devices  at  the  Krivoy  Rog  Southern  Ore  Bnrioh-i 
I  ment  Combine  and  at  the  Shale  Dcaposits  in  the  E&tonian  ! 
j  SSR  have  fully  confir^jied  this  possibility  and  opened  up 
;  yet  another  method  of  employing  radioisotopes. 

I  The  uae  of  isotopes  in  the  coal  industry  for  the 
;  automatic  stabilisation  of  the  coal  extracting  combine 
!  at  the  "ore-coal"  contact  boundary  makes  possible  the 
!  maintenance  of  continuous  control  overthe  position  of  the  ' 

:  cutting  instrument  and  the  complete  exploitation  of  the 
:  rapid-action  capabilities  of  the  combine.  This  Is  a 
:  techniques  which  in  the  future  can  lead  to  the  complete 
!  automation  of  underground  operations  and  the  transfer  of  ; 

I  machine  control  to  the  surface, 
i  ■ 

»»« 

( 

As  is  apparent  from  the  foregoing,  atomic  energy 
i  today  is  finding  practical  applications  not  only  in  the 
^  military  field,  but  in  various  sectors  of  the  national 
^  economy  as  well.  It  has  left  the  confines  ot  the  labora- 
^  tory  and  has  entered  the  wide  open  specea  of  Industrial 
exploitation.  After  the  completion  of  test  anins  on  ex- 
Lietini^  and  .future  .a tonic  .elec  trlcel.  power  Btetionejeod  __ 
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reactors,  and  after  v.oric  is  completed  on  the  evaluation 
and  compilation  of  the  best  types  of  designs,  follov/ed  by 
the  selection  of  the  best,  most  reliable,  and  economical 
types  of  equipment,  wide  prospects  will  open  up  for  the 
construction  of  electrical  power-stations  and  power  facili¬ 
ties,  while  radioactive  Isotopes  and  radiations  will  find 
even  wider  use  in  the  national  economy. 

The  foundation  of  our  efforts  on  the  uses  of  atomic 
energy  is  the  powerful  scientific  base  which  Is  receiving 
so  much  attention  from  our  Communist  Party.  This 
scientific  base,  in  particular,  assures  the  discovery  and 
development  of  new  scientific  and  practical  perspectives. 

The  scientific  elaboration  of  verioup  problems  in 
nuclear  physics  already  today  is  opening  up  new  and  even 
more  attractive  possibilities  for  using  the  energies  of 
nuclear  reactions. 

The  use  of  atomic  energy  drawn  from  the  fission  of 
heavy  element  nuclei  is  not  the  only  possible  means  of 
using  the  energy'  hidden  in  the  atonic  nucleus.  At  this 
point,  one  should  fli'st  of  all  mention  the  problem  of 
controlled  thentionuclear  processes  whose  solution  is  one 
ofthe  most  Important  task  posed  by  the  Communist  Party  of 
the  Soviet  Union. 

Academician  I,  V,  Kurchatov  already  In  I956  spoke 
before  the  20th  Congress  of  the  CPSU  about  the  great  role 
to  be  played  in  science  and  the  economy  by  the  solution 
to  the  problem  of  controlled  thermonuclear  reaction.  He 
said  that  today  in  the  hydrogen  bomb  we  az>e  already  able 
to  create  conditions  for  the  fusion  of  hydrogen  nuclei, 
i.e.,  to  achieve  thermonuclear  synthesis,  but  that  It  is 
now  necessary  to  control  this  reaction  in  order  to  avoid 
an  explosion, 

Soviet  research  on  controlled  thermonuclear  synthesis 
Is  being  carried  on  on  a  wide  front.  A  number  of  major 
installations  of  various  types  have  been  constructed  for 
this  purpose,  including  the  largest  experimental  facility 
called  the  ”0gra"  with  a  vacuum  chamber  1.4  meters  in 
diameter  and  12  meters  long;  several  other  such  instal- 
latlons  are  pr-esently  under  construction.  We  are  confi¬ 
dent  tnat  the  problem  of  practically  employing  contit)lled 
thermonuclear  processes  will  be  solved. 

In  woxScing  on  the  problem  of  thermonuclear  synthesis, 
studies  are  made  of  processes  which  take  place  a  tempera¬ 
tures  of  millions  of  degrees,  when  matter  is  transformed 
Into  plasma— a  new  and  little-known  state.  Research  in 
this  area  has  given  rise  to  a  new  field  of  phy8lc8--pla8ma 
physios.  The  development  of  this  field  is  of  considerable 
importance  since  the  successful  completion  of  work  on 
thermonuclear  synthesis  will  completely  satisfy  the  energy 


requlremonts  of  the  rntli?e  world  population  for  all  tinie 
to  corce.  This  work  is  also  important  by  virtue  of  the 
fact  that  it  Makes  possible  the  discovery  of  a  number  of 
new  and  practically  important  data  and  results*  Thus, 
work  with  plasma  requires  the  complete  mastery  of  high 
vacuum  techniques  (up  to  -  lo'"  millimeters  of 
mercury) .  E;:perlence  in  this  area  is  of  importance  to 
a  ntanber  of  branches  of  the  national  economy.  Plasma 
work  likewise  involves  the  creation  of  strong  magnetic 
fields  (50,000-200,000  oei’steds). 

Becently,  Soviet  research  has  resulted  in  the  devel¬ 
opment  of  Intermetallldes  which  posess  the.  property  of 
superconductivity  and  make  it  possible  to  obtain  strong 
magnetic  fields  under  practically  realizable  helium  tem¬ 
peratures,  which,  of  course,  is  of  great  importance  to 
other  branches  of  science  and  technology. 

But  nuclear  physics  has  still  far  to  go  in  realizing 
all  its  possibilities.  Thus,  studies  of  atomic  nuclei 
have  led  to  the  discovery  of  new  particles — the  so-called 
anti-particles.  Over  10  such  new  particles  have  been 
discovered  in  the  last  fev/  years.  Most  of  them  have  a 
half-life  of  less  than  1  iOO-thousandths  of  a  second, 
while  others  are  stable  or  have  a  long  half-life. 

Table  2  oelcw  contains  data  on  some  of  the  antl-par- 
tlcles. 

The  collision  of  a  proton  with  its  corresponding 
anti-particle,  the  anti-proton,  is  accompanied  by  an 
anlhxlatlon  process  characterized  by  the  release  of  a 
large  quantity  of  energy  approximately  1000  times  greater 
than  that  given  off  in  nuclear  fission  or  thermonuclear 
synthesis.  The  problem  of  particle  anlhilatlon  is  of 
serious  scientific  importance  and  its  study  affords  a 
deeper  understanding  of  the  structure  of  matter. 

Still  another  important  tool  in  the  study  of  nuclear 
structure  is  the  investigation  of  the  effects  on  atomic 
nuclei  of  bombardment  by  other  nuclei  and  particles 
accelerated  to  high  energies  with  the  aid  of  powerful 
accelerators.  This  method  still  remains  the  most  univer¬ 
sal  one,  and  will  continue  to  develop  in  the  foreseeable 
future.  Several  new  large  accelerators  will  be  put  into 
operation  soon;  construction  work  began  recently  on  the 
world’s  most  powerful  rigid  focusing  accelerator  with  a 
nominal  proton  energy  of  5O-70  bev  (billion  electron  volts). 
Table  3  below  lists  the  most  important  specifications  for 
this  accelerator. 

New  accelerator  installations  will  result  in  a  still 
further  strengthening  of  the  material  base  of  Soviet 
studies  of  nuclear  structure, 

Llkev;iee  of  considerable  scientific  interest  is  the 
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Figure  5.  Sxiiibit  of  protective  clothing  worn  in  controlling 
rndio&ctive  contamination  (pa'v'ilion  on  "Peaceful 
Uses  of  Atonic  Energy" ,  All-Union  Ten-Day  Festival 
of  the  .  ational  Economy,  19-1  )• 
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Figure  ?•  Overall  view  of  the  cyclotron  for  the  acceleration  of 


multiply-charged  ions  of  the  Joint  Nuclear  Research  Institute  at 


Dubna. 
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THE  INTERACTIOI^  OF  CHARGED  PARTICLE  BEAMS  WITH  PLASMAS 


/following  is 
Fy  Ya,  B.  Payr 


the  translation  of  an  article 
5y  Ya,  B,  Paynberg  (assisted  in  oonjpiling 
the  survey  by  V,  I.  Kuriiko,  I,  P.  Kharchenko, 
and  V,  D.  Shapiro)  in  Atomnaya  Energiya  (Atomic 
Energy),  volume  11,  #  ¥7 "6ctoFer~l??bl 7  PPs .  313- 
335 


The  interaction  of  charged  particle  beams  with 
plasmas  plays  a  significant  role  in  various  types  of  gas 
discharges  present  in  equipment  used  in  CTR  (controlled 
thermo -nuclear  reaction)  research.  This  interaction  is 
a  determining  factor  in  a  number  of  new  methods  for  accel¬ 
erating  charged  particles,  intensifying  and  generating 
microwaves  with  the  aid  of  plasmas. 

Despite  the  apparent  diversity  and  variation  in  the 
forms  of  such  interaction,  the  elementary  processes  vrtiich 
lie  at  its  basis  can  be  reduced  to  the  Cerenkov  effect, 
anomalous  and  normal  Doppler  effects,  and  the  effects  of 
plasma  polarization  as  charged  particles  move  through  it. 
The  parametric  Cerenkov  effect  can  also  play  a  signifi¬ 
cant  role  in  the  movement  of  charged  particles  and  oscil¬ 
lators  through  a  limited  or  spatially-periodlc  plasma. 

Since  plasma  density  Ao  is  in  most  cases  relatively 
low  -i-  lO  •'*)  ,  the  energy  lost  by  a  single  par¬ 
ticle  per  unit  length  as  a  result  of  these  effects 

is  small  and  is  on  the  order  of  >o’^-  lO'*'  electron  volts/ 
centimeter.  In  most  cases,  however,  it  is  a  bean  of 
charged  particles  which  interacts  with  the  plasma.  When 
this  occurs,  the  effectiveness  of  the  interaction  increa¬ 
ses  considerably  (refei*ence  1)  since  the  resulting  self- 
modulation  of  the  beam  finally  leads  to  a  coherent  inter¬ 
action  of  the  beam  particles  with  the  plasma  (reference  2). 

Energies  lost  by  particles  in  the  beam  due  to  excita¬ 
tion  can  be  considerable,  reaching  lO**  electron  volts/ 
centimeter  per  particle  when  the  number  of  particles  in  a 
particular  pulse  is  lo*  .  The  considerable 
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effectiveness  of  beam  and  charged  particle  clusters  with 
plasma  allows  one  to  expect  that  It  plays  a  considerable 
role  in  a  number  of  processes  which  take  place  in  gas 
discharges.  Apparently,  this  interaction  is  responsible 
for  a  number  of  osclllatcry  Instabilities  in  plasma,  the 
establishment  of  Maxwell  distributions  in  the  plasma  in 
the  absence  of  collisions*  and  the  alteration  of  transfer 
(diffusion  and  conduction)  processes  in  the  plasma. 

The  Increased  energy  of  interaction  in  the  movement 
of  beams  or  clusters  of  charged  particles  through  plasma 
In  comparison  with  the  Interaction  energy  of  a  single 
particle  can  be  utili2ed  in  the  development  of  methods  for 
injecting  plasmas  into  magnetic  traps  and  heating  it,  as 
well  as  for  measuring  plasma  perameters,  its  distribution 
functions  and  studying  the  processes  taking  place  v;ithin 
it. 

In  studying  the  possibilities  of  reali^ilng  CTR,  it  is 
most  important  to  investigate  conditions  accompanying  the 
appearance  and  temlnaticn  of  oscillatory  Instabilities 
arising  as  a  result  of  charged  particle-plasma  interactions. 

The  motion  of  a  beam  through  a  plasma  is  unstable  in 
those  oases  where  the  initial  turbulences  (fluctuations) 
existing  either  within  the  beam  or  plasma  tend  to  increase. 
In  order  for  instabilities  to  arise,  there  must  be  a  set 
of  conditions  present  under  which  one  of  the  aforementioned 
elementary  processes  will  take  place  (the  Cerenkov  effect, 
or  the  anomalous  or  normal  Doppler  effects).  Since  ab¬ 
sorption  accompanies  radiation  processes,  it  is  necessary 
that  the  number  of  particles  in  the  beam  releasing  energy 
into  the  electromagnetic  field  exceed  the  number  of  par¬ 
ticles  absorbing  field  energy  ^ee  Not^,  Finally,  another 
necessary  condition  for  the  appearance  of  instabilities  is 
the  grouping  of  particles  primarily  in  that  phase  region  in 
which  the  particles  release  energy  into  the  electromagnetic 
field.  As  radiation  conditions  for  one  particle  are 
fulfilled,  the  grouping  of  other  particles  takes  place 
automatically  In  a  number  of  cases.  Electromagnetic 
fields  arising  as  a  result  cf  particle  emission  lead  to  a 
grouping  process,  l.e,,  to  the  automodulation  of  the 
beam,  while  the  Increased  degree  of  beam  modulation  gives 
rise  to  increased  radiation  intensity  due  to  conditions 
conducive  to  coherent  emission  which  appear  in  the  course 
of  particle  grouping.  ^ote;  this  requirement  imposes 
definite  conditions  on  the  unperturbed  distribution  func¬ 
tion  for  beam  and  plasma  particles  with  respect  to  their 
velocity  (see  belcwj^. 

Prom  the  standpoint  of  quantum  theory  (reference  3), 
the  appearance  of  Instabilities  indicates  that  there  is  a 
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greeter  nun’bsr  of  Induced  emission  events  than  absoiption 
events  clv.e  to  the  px*edorninant  occupation  of  the  "upper' 
energy  levels  (by  the  ooam  particles).  For  example,  for 
a  free-partlcle  beam,  the  "upper'*  levels  correspond  to 
particles  of  greater  velocity.  For  tnis  reason  instab¬ 
ility  occurs  if  the  derivative  dlstrlbuticn  function  for 
the  team  particles  is  positive  for  velocities  at  which 
the  parwicles  interact  intensively  with  the  plasma.  This 
result  likewise  follows  from  classical  considerations. 

1)  A  theoretical  investigation  of  the  problem  invol¬ 
ved  in  the  excitation  of  longitudinal  oscillations  by  a 
charged  particle  beotr.  carried  out  by  A,  I.  Alchlyezer  and 
the  author,  as  well  as  by  Eohm  and  Gross  (reference  1)  con 
fliined  the  existence  of  beam  instauilltles  and  showed 
that  their  effect  vras  particularly  great  if  the  orderly 
velocity  V*  of  the  beam  exceeds  the  thermal  velocity  of 
the  plasma  electron  t  i»e.,  The  ele¬ 

mentary  process  at  the  basis  of  this  interaction  is  tne 
Cerenkov  effect  (reference  4)  for  the  case  of  longitudinal 
plasma  waves.  When  n.  the  apectniia  of  excited  high- 
frequency  csolllat.lons  is  determined  by  the  condition  for 
Cerenkov  rsdiation  and  lies  In  the  frequency  range  uo 

/3S(h,.  The  rate  of  instability  increase  in  this 

case  is  rather  significant 

0  a-  (.  TTJ 


Analogous  phenomena  take  place  during  the  interaction 
of  two  or  several  beams  (reference  5).  Thus,  for  example 
in  the  case  of  two  electron  beams  with  a  Maxwell  distri¬ 
bution  with  respect  to  the  velocity  of  their  ordered 
motion  (reference  6),  there  likewise  arise  instabilities 
provided  we  have  the  condition  -►•v/'Tva.  where 

Vo  and  are,  respectively,  the  orderly-motion  velocity 
of  the  beam  and  t.he  theiwal  velocity  of  the  electrons. 

The  rate  of  increase  of  these  instabilities  is  relatively 
large.  With  definite  ratios  between  beam  perameters,  we 
have  in  this  case  a  longitudinal  Doppler  effect  In  whlcii 
the  excitation  frequencies  are  determined  by  the  condition 


Pux*ther  investigations  of  the  problems  of  plasma 
excitation  carried  out  by  0,  V.  Oordeyev  (reference  7) 
have  shown  that  the  excitation  of  low-frequency  and  ionic 
oscillations  (in  the  absence  of  a  magnetic  field)  takes 
place  provided  that  ^  Vt*.  i.e.,  at  consider- 


ably  Icwer  orderly-motion  velooltiea,  and,  consequently, 
aignif'ioantly  smaller  currents. 

Within  the  last  few  years,  many  atudi.ce  have  been 
oarried  out  on  the  interaction  of  charged  particle  beama 
and  oaoiliatora  witli  plasmas.  These  studies  have  resul-' 
ted  In  the  diacovei^  of  a  large  number  (about  20)  of  in¬ 
dividual  oases  of  Insrabllity. 

Moat  of  thqee  Instabilities  can  be  sub-divided  into 
throe  broad  groups  according  to  the  elementary  processes 
on  which  their  mechanism  is  based: 

a)  instabilities  brought  about  by  the  Cerenkov  eff¬ 
ect  In  the  interaction  of  electron  and  ion  beams  with  plas 
ma  in  a  magnetic  field. 

These  Instabilities  obtain  when  the  orderly  velocity 
Vt  of  the  beam  is  equal  to  the  phase  velocity  of  the 
wave,  thus  leading  to  the  excitation  of  low-  ano  higli- 
frequency  oscillations.  Among  the  lew  frequency  osollla- 
tlons  we  might  mention  ionio-accustlc  caelllations,  Alfvsn 
waves,  and  magneto -acoustic  wavesj  among  the  high-fre¬ 
quency  oscillations,  we  have  the  longitudinal  electron 
fluctuations  in  a  magnetic  field. 

The  excitation  of  low-frequency  oscillations  car* 
likewise  be  brought  about  by  drift  currents  in  a  non- 
homogeneous  plasma  (references  8.  9).  In  this  case,  the 
role  of  orderly  motion  is  played  by  the  drift  effect,  so 
that  the  instability  condition  is  reduced  to  the  require¬ 
ment  thatVi^^V^  (where t;he  drift  velocity). 

b)  instabilities  occasioned  by  the  anomalous  Doppler 
effect. 

The  condition  under  which  this  effect  arises  la  re¬ 
duced  to  the  requirement  that  the  velocity  of  the  emitting 
particle  exceed  the  phase  velocity  of  the  wave  in  the 
plasma (V> Vs)  .  Emiaaion  frequenoiea  in  this  case  are 
defined  by  the  equation  uo  or 
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(where  is  the  velocity  of  the  emitting  particle  in  the 
system  in  which  it  is  at  rest;  k,*  ^  is  the  pxojec- 
tlon  of  the  wave  veotox’’  on  the  direction  of  beam  travel). 
In  this  case,  the  emission  frequency  recalculated  for  the 
ayatera  in  which  the  beam  la  at  rest  coincides  with  the 
resonant  bsam  frequencies,  in  particular  with  the  Langmuir 
beam  frequency  u).  when  we  have  the  longitudinal  Doppler 
effect)  or  the  Larmor  frequencies  u)w  Cu)  ;  u)  •ntOw; 
n  •I,!. ...  ). 

An  Important  peculiarity  of  the  anomalous  Doppler 
effect  as  investigated  by  V.  L.  ainsburg  and  I.  M,  Prank 


(reference  3)  consists  in  the  fact  that  in  the  case  con¬ 
sidered,  eraisBlon  is  accompanied  by  elevation  to  a  higher 
energy  level.  For  this  reason,  emission  can  take  place 
even  for  unexcited  oscillators.  Including  a  charged  par¬ 
ticle  beam  moving  through  a  plasma  in  a  magnetic  field 
without  an  initial  transverse  energy.  The  transition  of 
freely-moving  particles  into  oscillators  and  emission 
take  place  at  the  expense  of  transverse  motion  energy. 

Among  the  instabilities  occasioned  by  the  anomalous 
Doppler  effect,  we  might  mention  those  involving  the  ex¬ 
citation  of  lonic-cyolotronic  waves  in  the  plasma  by 
electron  and  ion  beams.  The  anomalous  Doppler  effect 
likewise  leads  to  the  excitation  of  high-frequency  elec- 
tron  oscillations  v;lth  frequencies  of  about  j 

7u>e'' *  **»„*■,  although  here  the  increment  of  oscillation  inten¬ 
sification  is  leas  than  in  the  case  of  oscillations  set 
up  by  the  Cerenkov  effect.  In  all  previous  cases,  the 
oscillation  frequency  in  the  coordinate  system  of  the  beam 
was  close  to  the  Larmor  velocity  of  the  beam  particles. 

The  excitation  of  plasma  oscillations  by  a  hlgh-denslty 
beam  can  be  accompanied  by  a  longitudinal  Doppler  effect 
in  which  the  oscillation  frequency  in  the  coordinate 
system  where  the  beam  is  at  rest  is  close  to  the  Langmuir 
beam  frequency  ,  The  oscillation  frequency  in  this 
case  is  equal  to  oD  Css.  t*?* . 

c)  instabilities  occasioned  by  the  normal  Doppler 
effect. 

If  an  electron  moving  through  a  magnetic  field  has 
an  initial  transverse  energy,  then  the  motion  of  a  beam  of 
such  electrons  through  plasma  can  be  accompanied  by  the 
appearance  of  iistabllitles  occasioned  by  the  normal  Doppler 
effect.  An  important  peculiarity  of  such  instabilities, 
is  that  they  arise  when  the  beam  velocity  Vo V'f  Note 

and  in  particular,  when  Vo » 0 ,  Thus,  emission  always 
wikes  place  in  the  case  of  the  normal  Doppler  effect.  For 
this  reason,  the  only  condition  for  instabilities  to  arise 
is  a  particle  arrangement  such  that  a  greater  number  of 
the  particles  are  concentrated  in  the  phase  region  where 
they  surrender  energy  to  the  electix)  magnetic  field  than 
in  the  phase  region  where  particles  absorb  field  energy 
^ee  Note  The  mechanism  of  such  an  arrangement  is 

treated  in  the  papers  of  A.  V.  Gaponov  (reference  10). 

This  mechanism  is  occasioned  by  the  dependence  of  particle 
oscillation  frequency  on  its  energy,  ^ote  1:  frequen¬ 
cies  emitted  in  the  case  of  the  normal  Doppler  effect  are 
given  by  uj  'V^^Vo  "  tO  res  2:  as  the  result  of 

the  appearance  of  regular  ion  motion  across  the  magnetic 
field,  resonant  ("currentless",  beamless)  heating  methods 
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aike-wise  lead  to  the  development  ci  both  low-frequenay^ 
and  high-frequency  eiectrostativc  intitabllitie^. 

In  the  case  of  the  motion  of  an  otjcillator  throu^  a 
spatially  non-homcgenecus  field  vith  a  frequency 
the  mean  oscillator*  displacement  over  a  time  which  is 
large  in  comparison  with  the  oscillation  period  differs 
from  0  and  depends  on  the  initial  oscillator  phase. 

Because  of  this  fact,  there  is  a  special  grouping  of  os¬ 
cillators  in  the  wave  field. 

Tables  1-3  /^see  Hct^  contain  the  basic  cherecterls- 
tics  of  instabllfties  occasioned  by  the  Cerenkov,  and  the 
anomalous  and  normal  Doppler  effects.  ^cte:  Tables  1- 
p  are  of  a  strictly  illustrative  character.  They  con¬ 
tain  data  only  for  the  simplest  and  most  obvious  cases. 

The  appropriate  relationships  describing  instabilities  in 
more  general  cases  are  found  in  the  references  cited. 

These  are  the  most  fundamental  studies  la  the  field  known 
to  us.  They  cover  both  the  general  cases  and  those  in¬ 
cluded  in  the  Tables. 7 

2)  An  examination  of  the  Tables  shows  that  inst-abi- 
lltles  can  arise  at  relatively  low  electron  velocities 
(  Vo  ^  Vxe,  o-vxal 

A  reduction  of  the  electron  velocity  at  which  the  in¬ 
stability  arises  leads  to  a  reduction  of  the  limiting 
current  value  necessax*y  for  the  exditatlon  of  the  instabi¬ 
lity;  moreover,  it  can  be  less  than  the  limiting  current 
value  necessary  for  hydrodynamic  instabilities  tc  occur. 

Let  U3  note,  however,  that  the  limiting  current  is  deter¬ 
mined  not  only  by  the  critical  onierly-ipotion  velocity, 
but  also  by  the  density  of  the  electrons  participating  in 
the  motion.  For  this  reason,  a  number  of  instabilities 
arising  at  large  orderly-motion  velocities  can  result  at 
lower  current  values,  since  cuch  instabilities  are  excited 
at  relatively  low  electron  densities. 

The  increments  of  instability  intensification  listed 
in. the  Tables  are  extremely  large.  In  the  case  of  high- 
frequency  inetabillt.' e:'.,  thu  intensi.Clcation  tir.e  is  on 
the  order  of  sect  ,dffj  it  is  Jess  for  low-frequency 
instabilities  since  the  inewment  of  intensiflcaticn  is 
either  jess  than  or  on.  the  order  of  tho  emiasion  frequency. 
The  time  for  the  appearance  of  these  lie  tabil Ities  is  also 
very  short  (-^  -r  lO'^*  v:ooiaa.s  )  ,  however.  If  we 

assume  that  the  initial  energy  of  the  oscilietionr  is  cn 
the  order  of  thermal  fluctuation  energies,  then  the  time 
in  which  the  energy  of  orderly  motion  can  oe  com^erted  into 
oscillatory  energy  assumes  a  value  on  the  oi*aer  of 
jO"*  seconds. 

The  plasma  retention  time  in  a  number  of  cases  exceeds 
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the  ?.ii stability  rlsp  tiaiefc,  Tbla  conrii-’tns  r<he  faot  that 
not  £.11  of  the*  inababllities  lietei  play  a  significant 
role.  Using  the  increment  values,  it  is  possible  to 
compare  the  energies  lost  by  individual  nertioies  and 
particles  moving*  in  beams  ani  irtteraoti.iij  v'ith  plasmas. 

In  the  latter  case,  the  leases  per  particle  are  consldex'- 
ably  greater  than  in  the  former  due  to  coherent  beam  inuer- 
acticn  with  the  plarRis,  v;hc3e  importance  vaa  first  pointed 
out  by  V.  I.Vel^lar  (reference  2). 

A  number  of  instabiiltlea  are  characteri.'sed  by  a 
discrete  frequency  spectivm,  althouch  continucus-spectrum 
Instatilitles  dc  exist.  The  presence  of  the  latter  lead 
to  a  significant  absorption  of  orderly-motion  energy  and 
complicates  the  development  of  methods  for  the  elimination 
of  ins tabill tics. 

It  follows  from  the  Tables,  that  the  velocity  ciiatri- 
butlon  in  the  beams  reduces  rise  times  und  consequently 
weakens  and  even  eliminates  inctabxlltieB.  In  a  number 
of  cases,  a  wide  distribution  of  velocities  leads  tc  the 
appearance  of  new  j.n&ta'oilities  whose  rise  inoremeats  are 
not  large  as  a  rule,  however.  Tne  Instabllit^s  examined 
apply  to  a  homogeneous  plasma  for  -./hlch  V  vi  *•  V  '  O 
The  presence  of  inhomogeneitles  leads  to  a  considerable 
weakening  and  cessation  cf  instabilltler,  but,  as  is 
eho’.fn  in  the  paper  by  Rudakov  and  Sagdayev  (referetice  9)> 
leads  to  the  appearance  of  still  other  instabilities , 

Let  us  briefly  exainine  the  significance  of  ini' tabill- 
ties  In  the  operation  of  a  stollantcr.  ‘ 

In  devices  of  the  atellarator  type,  V©  ^  Vts.,  so  that 
the  most  importenc  instabilities  here  ai’e  those  which 
arise  at  Vo  ^ »  i.e.,  lurilc  sound  in  e  magnat.ic  field. 
These  instabilities  are  characterized  by  a  frequency  spec¬ 
trum  cjtc:  ,  and  the  increment  of  instability  rise  is  on 

the  order  of  /  ^  t 

Vo  We.,U'*- 

(reference  12).  Since  instability  occurs  when 
the  critical  value  for  the  current  aensity  -  «•  Vn../*  no 
at  which  Instabilities  involved  in  ‘the  excitation  or  ionic 
ao'und  must  appear,  is  quite  small.  Thus,  for  example, 
in  the  case  of  the  Model  C  stellarator,  the  critical  cur¬ 
rent  value  la  equal  to  3U-100  emperes/centlmeters  h 
Low-frequency  instabilities  ax^e  apparently  mare  signiii- 
cant  in  the  case  of  diffusion  processes  vjlthin  the  plasma 
^ee  Not^.  ^ote;-  the  important  r’ole  of  ionic  low- 
frequency  osclTlations  within  a  plasma  In  a  magnetic  field 
for  diffusion  prooeisses  in  a  stellarator  has  been  pointed 
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out:  by  Spitzer  {refsrfc.j.jeo  51).  The  derivation  cf 

the  diffusion  coefficient  given  In  reference  31  is  uncon- 
vinoing  in  our  vievjj  for  the  corelatlve  function  ceases 
to  hold  if  we  are  considering  diffusion  occasioned  by  un¬ 
stable  oscillation? j  if  on  the  ether  hand,  we  are  con¬ 
sidering  diffusion  in  a  stabilised  regime,  then  the  deri¬ 
vation  turns  out  to  be  inde terminate,  insofar  as  linear 


theory  does  not  permit  us  to  determine  fcne  ainplitude  of 
stabilized  oscillations.  The  effect  of  beam  instablli 


ties  cn  diffusion  processes  can  be  calculated  by  a  lew 
non-linearity  approximatio^. 

Erom  the  standpoint  or  orderly-motion  energy  losses, 
hlgn-frequency,  particularly  longitudinal,  oscillations 
occasioned  by  escaping  electrons  play  a  significant  rcle. 
Instability,  as  is  known,  arises  when  (vstiere  f  is 

the  distribution  function;  \4  *  ,  i.e.,  when  the 

number  of  particles  with  v€?locities  y,  >  exceeds  the 

numoer  of  particles  vd  th  velocltier  v'*  The  appen- 

I'ance  cf  a  region  with  the  uistribut^on  futictions 

can  take  place  as  was  showri  by  A.  V,  Gurevich  (jceference 
32}  in  a  stellarator  upon  the  appearance  cf  a  uri-’ent 
plateau  at  which  the  magnitude  of  the  critical  field 
which  determines  the  appearance  of  escaping  electrons  in¬ 
creases  with  tire,  thus  leading  to  a  reduction  of  the 
electron  flow  thiTJUgi'.  the  seepage  boundary.  The  flow  of 


escaping  electn-ins 
function  j  at  V*  >J 


S  is  connected  with  the  distribution 


'the  relationship 


c'-n  > 
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I 
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(here  E  is  the  electric  field  intensity  and  E;.  is  its 
critical  value).  For  this  reason,  the  reduction  of  the 
escaping  electron  flow  with  time  will  lead  to  the  appear¬ 
ance  of  a  region  wnere  ,^he  instability  will 

occur  if  the  rise  increment  tTcri  is  greater 

than  the  pair  collision  frequency.  Prom  tnis  condition, 
we  can  detemiine  the  instability  rise  time.  It.,  is  equal 
to  10“**  seconds  and  coincides  with  experimental  data 
high-f requet.cy  oscillation  frequercies  in  this  case  are 
about 'N' lo‘*-  10“  .  This  also  coincides  with  experimental 

data. 

3)  Usually,  in  considering  Instabilities  it  is 
assumed  that  the  functions  of  plasma  particle  distribution 
with  x^spect  to  orderly-motion  velocity  are  cf  the  Maxwell 
type;  this  assumption  Is  used  in  calci;iatlng  excited  os¬ 
cillation  spectra  and  tnelr  rise  Increments. 

In  the  absence  of  pair  collisioiis  in  the  plasma,  the 
distribution  function  can  be  an  arbitrary  function  of  the 
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In  view  o  tuls  fact,  we  have  the  itiiporttint 
problem  of  finding  tac  reoesear^^  end  eufficient  conditions 
for  the  Instability  c  t  the  arbitrary  distritution  function 
with  reepect  to  the  Oiicillation, 

For  longitudinal  csclliatlons  In  ine  absence  of  exter- 
rial  fields*  Instabilitj  conditions  have  beon.  found  by  Fen- 
roae  (reference  3o) »  Nedlinger-  (refert-rce  3^),  A.  I.  Akhly- 
eser,  G.  Ya.  Lyubarakiy*  anu  R.  V;  Foicvin  (reference  35). 
In  reference  35*  these  InatatlllT-.y  criteria  are  generali¬ 
zed  for*  the  case  of  a  plasma  in  an  external  electric  cr 
magnetic  field.  In  the  absence  of  external  fields,  the 
instability  conditions  have  the  fern 
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_^er8  pCw.)  »  i«f  (v^)dv  (here|^)  is  the  distribution  fur\ction; 
vjL  la  the  pelTJendicular  to  the  itr\c  veej^or  Tc  ,  and  u.  is 
the  parellei  velocity  “^x.  to  component  vv  .) 

The  conditions  K*Cu<)*  0;  mean  that 

there  exists  a  velocity  range  vt  i In  which 
If  V*)f^'then  the  number  of  perttcTes  moving  faster 

than  the  wave  and  thereby  surrender  log  energy  to  it  er-iceeds 
the  number  of  particles  moving  slower  thin  the  wave  and 
absorbing  Its  energy,  v.’hlsh  in  tuiti  lotids  to  an  increased 
oscillatory  amplitude  ;rf.th  time,  i.e.,  to  instability. 

The  condition implies  the  pustibility  of  propa¬ 
gation  within  the  plaemp  of  vraves  with  phase  velocities 
. 

The  question  as  to  the  character  of  the  instability  . 
is  important  both  in  the  tn^oretical  aiid  practical  realms 
/see  Not^.  The  inscebllity  is  absolute  if  the  initial 
perturbation  increases  with  time  in  any  fixed  point  in 
space.  If,  on  the  other  hand,  the  initial  distm-banoe 
is  displaced  as  it  increases  in  the  direction  of  beam 
travel  sc  that  it  decreases  with  time  In  every  point  in 
space,  then  the  Instability  is  called  convective.  In  the 
case  of  convective  instability,  the  disturbance,  not  hav¬ 
ing  had  time  to  reach  high  valuee,  can  be  eliminated  from 
the  system.  The  method  fox*  separating  absolute  and  con¬ 
vective  instabilities  described  by  L.  D.  Landau  and  Ye. 

M.  Llf shits  (reference  36)  is  reduced  to  a  consideration 
of  the  asymptotic  behavior  of  the  Integral  (exte  C- Ck->xi 
X  t:  3  «1«'  as  t  ^  ,  describing  thd^  motion  of  the 

wave  packet,  ^ote;  the  system  is  unstable  relative  to 
small  disturbances  proportional  to  e)<|> (-{fiotr  v close)  if  the 
dispersicn  eqtia t ion  !>(«?, k.)»  0  of  this  system  has  complex 
solutions  for  u>  or  W  .  If  In  a  given  region  where 
is  iH^al,  the  frequency  U.  is  complex,  then  we  may  have 
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either  absolute  or  convective  lnstability_J7 

If  for  this  integral  Increases  without  limit, 

we  are  confronted  with  absolute  instability.  If  on  the 
other  hand,  the  integral  tends  to  a  limit  for  fc  — pc>  ^ 
the  instability  ’.vill  be  convective. 

As  is  shown  in  the  paper  by  Sturrock  (reference  37), 
the  Interaction  of  two  countercurrent  beams  Is  accompanied 
by  absolute  instabllltyj  convective  instability  occurs 
when  two  concurrent  parallel  beams  interact.  Absolute 
instability  in  general  is  present  in  those  cases  where 
there  is  feed  back. 

A  study  of  beam  lnter*action  with  heated  plasma  carr¬ 
ied  out  by  the  author  together  with  V,  I,  Kurllko  and  V. 

D.  Shapiro  (reference  36),  as  well  as  by  Sturrock  (refer¬ 
ence  39)  has  shown  that  convective  instability  is  present 
in  this  case.  The  instability  of  self-focusing  electron- 
ionic  beams  turns  out  to  be  convective. 

In  a  number  of  cases  it  Is  difficult  to  establish 
whether  the  oscillations  are  Increasing  or  diminishing, 
since  even  in  those  systems  which  lack  a  source  of  energy 
to  assure  the  presence  of  increasing  waves,  the  dispersive 
equation  admits  of  increasing  solution.  Thus,  for  example, 
this  happens  with  the  problem  involving  the  penetration  of 
a  high-frequency  field  into  a  plasma  for  frequencies 

or  In  the  case  of  wave  propagation  in  waveguides  for 
frequencies  not  exceeding  the  critical  value.  In  such 
cases,  using  the  condition  for  emission,  we  retain  only 
those  sclutlons  which  correspond  to  wave  diminution.  In 
the  presence  of  a  beam  moving  through  an  unbounded  sys¬ 
tem  there  are  no  standard  conditions  for  emission,  so 
that  in  order  to  distinguish  the  Increasing  waves  we  have 
to  study  the  behavior  of  the  turbulence  in  the  form  of  a 
vrave  packet.  Intensification  takes  place  only  in  those 
cases,  where  the  turbulence  described  by  the  wave  packet 
becomes  0  as  X  oo  in  any  fixed  moment  in  time  C  ,  In 
the  contrary  case,  the  wave  which  Increases  as  x  -*•  co 
cannot  exist  in  the  system. 

As  was  shown  by  V,  I.  Kurilko  (reference  4o),  for 
example,  in  the  movement  of  a  plasma  through  a  plasma  wave¬ 
guide,  complex  values  for  k  correspond  to  the  barrier 
effect  rather  than  intensification.  If  a  plasma  moves 
through  a  medium  with  a  dielectric  constant  £.  in  orthogo¬ 
nal  electrical  and  magnetic  fields,  then  forV,^ 

<.  5^  ,  complex  values  for  x  correspond  to  real  values 
for  uj  ,  But  intensification  takes  place  only  for 

;  the  case  V  4  corresponds  to  the  barrier  effect 
(reference  41).* 

Criteria  for  separation,  intensification,  and  barring, 
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as  wf?ll  as  a  simple  raethod  of  ditstlngiilshlng  absolute  and 
Invective  instabilities  are  given  in  the  paper  by  Sturrock 
(x*eferenoe  37).  A  conflnaatlon  of  these  criteria  and  the 
limits  of  their  applloabillty  are  given  by  R.  V.  Polovin 
(reference  4l), 

4)  We  have  ,1ust  examined  the  problemo  involved  in 
the  Interaction  of  unbounded  beams  with  plarmas*  For 
this  reason,  the  resulting  equations  strictly  speaking 
ai*e  applicable  not  only  in  thoaen  casca  wnere  the  geomet¬ 
ric  dimensions  of  the  system  L  ,,  r.nd  i-jgere  considerably 
greater  than  the  wave  length,  i.c.,  if 
5Cj^  Li.  ^  I  ^  Ln  ^  I  . 

In  a  number  of  devices  and  installations  these  con¬ 
ditions  are  net  fulfilled,  vdilch  gives  rise  to  a  consider¬ 
able  disparity  between  theoretic''!  and  experimental  resul¬ 
ts.  The  difference  between  a  bourded  and  urbouded  plas- 
mobecomes  moot  clear  In  the  atse.r  c  of  r  magnetic  field. 

In  such  a  case,  an  unbounded  pla^^nr  will  nj>t  ser'/e  as  a 
propagation  medium  for  slow  transverse  wcves,  since  for 
the  entire  frequency  range  %.=  4—  ^  I  .  This 

case,  moreover,  affords  ro  possihllltv  fer  effective  in¬ 
teraction  between  free  particles  arci  'iavts  ir  the  plasma j 
in  partioulai’,  the  Cerenkov  effe^i.  carrot  occur  ^ee  ilotej 
^otej  according  tc  Weufeld  and  Dcyl;  (reference  77)  the 
interaction  of  a  beam  and  plasm  in  thxs  case  can  be  accom¬ 
panied  by  the  excitation  of  olectroiragnetic  oecl?-la tions, 
since  the  motion  of  a  separate  particle  through  the  plasma 
alters  the  dielectric  constant  of  the  .jeam  and  can  reduce 
the  phase  velocity  of  the  wave  down  to  a  value  equal  to 
the  particle  beam  velocityjJ7 

If,  on  the  other  hand,  the  plasma  *r  bounded  in  a 
radial  direction,  then  despite  tne  fact  that  the  value  for 
in  the  region  occupied  by  the  plasma  is  as  previously 
less  than  one  and  even  negative,  the  plasma  can  contain 
slow  waves.  An  analogous  state  of  affairs  obtains  In  the 
case  of  a  plasma  bounded  In  the  direction  of  wave  propaga¬ 
tion,  in  particular  with  spatially-perlcdlc  plasma.  And 
in  this  case  case,  despite  the  fact  that  dielectric  con¬ 
stants  are  less  than  one  or  are  even  negative,  slow  waves 
can  propagate  through  the  system;  furthermore,  such  a 
plasma  assumes  the  properties  of  an  anisotropic  medium. 

The  dispersive  properties  of  a  bounded  plasma  In  a 
magnetic  field  determined  by  the  anisotropy  and  hypotropy 
of  the  medium  are  combined  with  wave  guide  properties 
determined  by  the  geometry  of  the  system.  This  likewise 
leads  to  a  strong  disparity  in  the  dispersive  properties 
of  bounded  and  unbounded  plasmas.  Since  the  elementary 
processes  at  the  basis  of  plasma-beam  interactions  are  to 
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a  considerable  extent  detenniaed  by  the  dispersion  of  the 
system,  i.e.,  by  the  dependence  of  the  phase  velocity  on 
frequency,  it  might  be  expected  that  conditions  for  the 
appearance  of  instabilities  (in  particular,  the  critical 
velocity  and  beam  carrent),  the  frequency  spectrum,  and 
rise  Increments  will  be  altered  as  we  pass  from  a  bounded 
to  an  unbounded  plasma. 

Results  of  studies  on  instabilities  arising  through 
the  Interaction  of  bounded  -beams  with  plasma  shov/  that  if 
the  plasma  wave  length  becomes  comparable  with  the 

beam  radius  ft-  ,  there  will  be  a  considerable  Increase  in 
the  wave  length  of  the  wave  at  which  instabilities  begin 
to  arise;  there^wlll  be  a  concomitant  decrease  in  the 
value  of  the  Increment.  Thus,  for  example,  in  the  case 
of  electron-ionic  beams  studied  by  a.  I.  Budker  (reference 
42),  the  ratio  of  rise  increments  for  a  bounded  and  un¬ 
bounded  plasma  equals 


- 
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In  the  excitation  of  longitudinal  plasma  oscillations 
by  a  beam  examined  by  M.  P,  Gorbatenko  (reference  17)  and 
Sturrock  (reference  39),  as  v/ell  as  in  reference  43,  the 
diminution  of  the  increment  can  reach  values  on  the  order 
of  5-10.  For  this  reason,  the  oscillation  amplitude  de¬ 
creases  quite  sharply.  It  is  possible  to  select  para¬ 
meters  in  such  a  way  that  the  limiting  wave  length  will 
exceed  the  length  of  the  system.  In  this  case,  the  part¬ 
icular  instabilities  involved  will  not  occur.  These 
peculiarities  of  bounded  beam  interaction  with  plasmas  are 
of  importance  in  finding  methods  for  eliminating  instabi¬ 
lities, 

5)  Despite  the  successes  achieved  in  the  theory  of 
charged  particle-plasma  interaction,  the  identification 
of  new  instabilities  accompanying  this  interaction,  as  well 
as  the  experimental  confirmation  of  basic  theoretical 
conclusions,  the  theoretical  studies  so  far  completed  are 
as  yet  insufficient  for  a  comprehensive  evaluation  of  the 
role  of  instabilities  in  processes  taking  place  in  various 
types  of  discharges.  This  is  connected  with  the  fact  that 
most  of  the  completed  studies  make  it  possible  only  to 
determine  the  spectrum  of  oscillations  are  their  rise  in¬ 
crements,  One  of  the  most  important  characteristics  of 
instabilities,  namely  the  oscillatory  ampllcude,  is  usually 
neglected.  Its  determination  requires  a  knowledge  of  the 
energy  spectrum  of  the  initial  fluctuations,  the  reverse 
effect  of  oscillations  on  the  plasma  distribution  function 
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and  befeit;  particle  tre.v  i,,  and  an  investigation  of  the 
transition  from  linear-  to  nonlinear  oscillations  along 
with  a  determination  of  the  amplitude  of  established  oscil¬ 
lations  « 

It  should  be  noted  that  in  the  case  of  interaction 
under  consideration,  nonlinear  effects  occur  at  relatively 
low  electrical  field  amplitudes.  The  nonlinearity  crit¬ 
erion  for  plasma. wave  motions  under  non-resonant  conditions 

has  the  form  e  ^ 

a.  fa*  A.  ^  I 

(I  -  %)" 

for  this  reason,  nonlinear  effects  are  of  aonside]:«ble 
importance  in  the  region  of  long  wave  lengths  and  low 
phase  velocities.  Since  in  most  cases  the  conditions  for 
excitation  may  be  reduced  to  the  requirement  that  ^ 
the  role  of  nonlinear  effects  in  the  presence  of  beams  is 
even  greater.  It  might  eeem  that  in  the  case  of  ionic 
oscillations,  nonlinear  processes  occur  only  at  very  large 
field  intensities.  Actually,  even  at  relatively  low  in¬ 
tensities,  nonlinear  effects  do  take  place  due  to  the  fact 
that  the  ions  interact  moat  strongly  with  slow  waves  and 
that  long  wave  lengths  A  correspond  to  slow  waves  for 
low- frequency  ionic  oscillations.  Thus,  for  example,  for 
A ~  ^0*  ,  the  value  Efc-r 6.  lO  volts/centlmeter. 
The  appearance  of  nonlinear  effects  Is  fecilitated  upon 
the  attainment  of  resonance.  Thus,  in  the  presence  of  a 
magnetic  field  the  nonlinearity  criterion  contahs  an  addi¬ 
tional  factor  (t  - ^ee  Note7.  /JTotej  the  existence 
of  these  nonlinear! tif> 3  is  confirmed  experimentally  in  the 
studies  of  0.  0.  Zagorodnov,  Ya,  D.,  Paynberg,  B,  I.  Ivanov, 
and  L.  1.  Bolotin  (reference 

As  the  amplitude  of  the  excited  waves  increases, 
there  appear  several  nonlinear  effects  which  weaken  the 
Instabilltjr  (references  45-48).  Since  the  phase  velocity 
of  a  wave  depends  on  Its  amplitude,  an  increase  in  the 
latter  will  disrupt  the  synchronism  between  the. beam  and 
the  wave  and  reduce  the  effectiveness  of  the  interaction. 
This  synchronism  can  likewise  be  disrupted  by  decreasing 
beam  velocity  as  a  result  of  energy  losses  for  oscillation 
excitation.  The  reverse  effect  of  excited  oscillations 
on  the  distribution  function  of  the  bean  electrons  leads 
to  a  state  of  affairs  In  which  the  number  of  particles 
surrendering  energy  to  the  wave  is  reduced  while  the  num¬ 
ber  of  particles  absorbing  wave  energy  increases.  This 
leads  to  a  leveling  of  the  distribution  function  in  the 
region  Vot  V#  and  the  teiwlnatlon  of  the  Inetablllty 
(references  48,  43,  46).  Nonlinear  effects  accompanying 


beam-plasma  interactlcn  likewise  Increase  beam  and  plasma 
temperature  even  in  the  absence  of  pair  collision. 

The  first  and  third  effects  are  significant  for 
»  and  the  second  for 

These  effects  are  illustrated  in  Table  4. 

An  examination  of  this  table  shows  that  the  inclusion 
of  nonlinear  effects  in  calculations  leads  to  a  reduction 
of  rise  Increments,  the  limitation  of  the  orderly-motion 
velocity  of  the  beam  with  a  concomitant  limitation  on  the 
decrease  in  conductivity  cr(cr-  plasma  as  a  I’esult 

of  the  transfonna tion  of  oj^erly-motion  energy  into  oscil¬ 
latory  energy,  as  well  as  an  increase  in  beam  teir.pe nature. 

All  of  the  above  results  are  obtained  in  a  small  non¬ 
linearity  approximation,  so  that  it  is  necessary  to  develop 
a  theory  for  the  case  of  arbitrary  nonlinearity.  The  con¬ 
dition  for  the  existence  of  arbitrary  nonlinear  periodic 
solutions  for  the  case  under  consideiatlon  is  fciven  in 
reference  50.  The  proolem  of  beam-plasma  inte inaction  in 
the  case  of  arbitrary-  nonlinearity  has  so  far  been  studied 
only  from  the  standpoint  of  electron  and  ionic  longitudirial 
excitations  in  an  established  regime.  This  examination 
has  made  it  possible  to  determine  the  maximal  field  inten¬ 
sity  amplitude  with  due  regard  for  thermal  motion  and  maxl- 
mem  field  gradients  proportional  to  the  variable  plasma 
density  (see  Table  3)- 

A  consideration  of  Table  5  will  show  that  the  ampli¬ 
tude  of  established  oscillations  can  reach  extremely  high 
values.  For  example,  for  a  plasma  density  of  «  — 
and  Vd,  —  lo*  ,  the  value  kilovolts/centimeter. 

There^ exists  a  n.axinunr: longitudinal  wave  field  intensity 
above  which  we  are  confronted  with  multiple-value  solutions 
Thus,  in  the  one -dimensional  case  (without  taking  ionic 
motion  into  account),  there  can  be  no  collision  waves,  so 
that  the  multiple-value  of  the  solution  apparently  indica¬ 
tes  the  presence  of  counter  curi’ent  particle  beams.  Table 
5  likev/ise  leads  to  the  conclusion  that  an  increase  in  the 
number  of  beams  leads  to  a  reduction  of  the  field  intensity 
at  which  the  subsequent  beam  fragmentation  occurs.  These 
effects  are  important  in  the  development  of  new  methods 
for  plasma  thennallzation  and  the  realization  of  CTR  on 
the  basis  of  counter  current  particle  beams. 

^  Another  Important  problem  is  the  study  of  the  stabili¬ 
ty  of  large-aiapli tude  longitudinal  waves  excited  by  beams. 
As  was  showTi  by  recent  studies  (references  54,  55) #  longi¬ 
tudinal  oscillations  of  large  amplitude  excited  by  a  mono- 
energetic  beam  are  unstable  at  least  in  relation  to  tur¬ 
bulences  whose  wave  length  is  considerably  smaller  than 
that  of  stationary  oscillations.  Likewise  Instable  are 
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the  nonlinear  solutic.*rt  in  the  of  iimlied  pul^jea 

eatciteP.  through  the  interaction  of  beams  ar.o.  plasrr.aa. 

Since  non-linear  probleais  are  complex:  from  the  mathematic¬ 
al  standpoint,  the  examination  of  the  transition  from 
llneat'  oscillations  to  non-linear,  the  phenomena  of  spec¬ 
tral  dlBlntegraticn  /see  Mcte7,  and  particularly  the  in- 
t'eatigation  of  counter  current  beam  and  stream  fro  pi.?- sta¬ 
tion  is  most  conveniently  carried  out  with  tns  aid  of 
high-speed  computers.  The  study  of  tlie  pr'cceas  inycivah 
in  counter  current  beam  fomation  and  plaaffis  thermal! na¬ 
tion  at  high  oscillatory  amplitudes  (references  h6) 
shows  that  &a  a-  result  of  ati'ong  interaction  between  .indi¬ 
vidual  plasma  layers  there  arises  a  :^v-ldtiv’e  motion  whion 
in  turn  leads  to  the  transfcruintion  of  the  initial  wave 
energy  Into  the  energy  of  motion  of  the  separate  layers. 

The  relaxation  time  roi-  this  process  is  extremely  smu]!. 
Thus,  for  example,  (reference  56),  if  the  initial  oscli- 
letor:/  amplitude  exceeds  the  critical  amplitude  by 
then  over  a  period  of  10  Langmuir  oscillations,  TO-3o^  of 
the  wave  motion  energy  is  transformed  Into  relat:ix?-e-mot:lon 
energy.  If  a  relatively  email  motion  with  an  energy  of 
approximately  5^  of  the  initial  energy  of  oecillatOJry 
metiori  is  impressed  upon  the  latter,  tnj;n  the  reDaxation 
time  drops  off  to  a  single  high-frequency  oscillation 
period.  Thus,  the  mechanism  under  consideration  la  ex- 
ti-emely  effective  in  tranfomdng  the  energy  of  regular 
oscillator  motion  Irito  that  of  plas.ma  particle  notion,, 
/^ote;  These  phenomeria  eonalst  in  the  fact  that  new  waves 
are  formed  as  a  result  of  non-linear  interaction  between 
oscilletions  and  non-parallel  wave  vectors;  this  is  accom¬ 
panied  by  a  dissipatlcn  of  the  origlaal-oscillation  energy 
over  8  period  on  the  order  of  seconda  (reference  76j/ 

The  above  results  apply  to  the  case  of  electron  oaoil- 
latlons.  Apparently,  It  is  possible  to  create  conditions 
under  which  analogous  processes  will  also  take  place  for 
Ionic  oscillations.  This  Instance  would  involve  an  ex¬ 
tended  relative  ionic  motion  wnlch  might  be  of  interest  in 
discovering  methods  for  realizing  CTR, 

6)  Prior  to  presenting  an  enalyp.is  of  the  available 
experimental  data,  let  us  bi’lefly  consider  the  question  of 
possible  methods  of  instability  cut  off,  which  is  of  the 
greatest  importance  in  the  given  case.  Research  in  this 
direction  is  Just  beginning,  and  for  this  reason  tne  con¬ 
siderations  given  below  are  primarily  cf  a  qyalltdative 
character.  Since  instabilities  in  the  fina3  analysis 
arise  as  a  result  of  the  action  of  several  basic  elementary 
processes,  as  well  as  particle  phasing  or  greuping  which 
in  turn  leads  to  a  considerable  intenai floation  of  effeota 


due  to  the  coagruenoe  phenoiaenon,  the  elimination  of  in¬ 
stabilities  must  proceed  through  the  creation  of  conditions 
under  which  the  corresponding  elementary  processes  are 
impossible  and  particle  phasing  and  grouping  do  not  occur. 

In  order  for  the  Cerenkov  and  the  ancmaloiAS  Doppler 
effects  to  arise  it  is  necessary  that  particle  or  oscil¬ 
lator  velocity  be  greater  or  equal  to  the  phase  velocity 
of  the  wave.  For  this  reason,  instability  can  be  elimina¬ 
ted  if  this  condition  is  violated  through  the  alteration 
of  wave  or  particle  velocity.  Changes  in  dispersive  pro¬ 
perties  and,  in  particular,  the  phase  velocity  of  the 
wave  can  be  achieved  by  varying  tne  geometry  of  a  system 
(limited  beams  and  plasmas),  placing  the  plasma  in  a  met¬ 
allic  ^jacket,  making  use  of  the  dependence  of  phase  velo¬ 
city  on  amplitude  (this  effect  can  be  used  in  limiting 
instability  automatically,  since  Increased  amplitude 
results  in  an  alteration  of  the  phase  velocity  and  a  vio¬ 
lation  of  synchi^onlsn  between  the  field  and  beam),  or  by 
varying  the  relative  concentration  of  components  in  the 
multi-component  (for  example,  D-T,  D-N)  plasma. 

Ey  changing  the  phase  velocity  of  the  wave,  it  is 
possible  to  completely  eliminate  the  Instability  or  at 
least  to  significantly  alter  its  freauency  spectrum,  as 
well  as  to  reduce  rise  increments.  By  vai'ying  the  beam 
particle  velocity,  it  is  possible  to  violate  the  condition 
that  V  >/^  and  to  completely  eliminate  the  instability 
or  to  considerably  alter  the  oscillation  spectrum.  Thus, 
if  the  particle  velocity  lies  in  the  intei’val  Vr®  ^ 

..c  V&  ^  V-rt  ,  we  encounter  ionic  osclllstions.  If  the  par¬ 
ticle  velocity  Vb  »  then  we  have  electron  oscilla¬ 

tions,  with  ionic  oscillations  totally  absent.  The  beam 
velocity  can  be  altered  automatically  in  the  course  of  its 
retardation.  In  addition  to  this,  it  is  possible  to  ef¬ 
fect  a  rapid  increase  in  beam  velocity  during  -che  relaxa¬ 
tion  timer-Tti.  during  which  the  corresponding  instabili¬ 
ties  have  insufficient  time  to  arise.  Prom  this  stand¬ 
point,  the  stellsrator  has  considerable  drawbacks,  since 
the  velocity  of  the  electron  beam  In  this  system  varies 
slowly  fromd'«-o  to  ,  allowing  for  the  gradual  appea¬ 

rance  of  a  number  of  instabilities.  The  injection  of  a 
plasma  with  a  specified  velocity  into  the  stellsrator 
leads  to  a  contraction  of  the  Instability  spectrum  and 
facilitates  the  elimination  of  IriStabilities. 

The  violation  of  conditions  allowing  for  the  appear¬ 
ance  of  elementary  Cerenkov  and  Doppler  effects  can  like¬ 
wise  take  place  due  tc  non-linear  affects  in  the  motion 
of  particles  and  oscillators  and  non-linear  effects  arising 
in  the  course  of  wav'’  propagation  thr-ough  the  plasma.  As 


is  imowi  { leferenc :?  57)*  cle^finiary  procesees  at  the  basis 
of  inetabillties  car.  be  reduced  to  resonances  between 
oscillations  of  the  system  proper,  in  this  case  the  plasma, 
and  the  exciting  force  which  I'esults  from  the  motion  of 
charged  particles  and  oscillators.  In  this  case,  con¬ 
ditions  for  the  appearance  of  Cerenkov  and  Doppler  effects 
are  reduced  to  those  for  the  appearance  of  resonances. 

The  presence  of  the  aforementioned  non-linear  effects 
leads  to  a  violation  of  conditions  leading  to  the  appear¬ 
ance  of  resonances,  and  consequently  to  the  elimination 
of  instabilities.  At  the  same  time,  however,  we  are 
faced  with  the  possibility  of  non-linear  resonances  which 
require  further  study. 

Another  possibility  for  the  elimlnatlcn  of  instabi¬ 
lities  consists  in  the  elimination  of  conditions  for  par¬ 
ticle  phasing  and  grouping,  which  in  turn  lead  to  the 
appearance  of  coherence. 

Instabilities  can  be  weakened  or  even  eliminated  by 
the  following  methods; 

1)  the  creation  of  artificial  dispersion  accoinilng 

to  velocity  within  the  beam.  For  purposes  of  illustra¬ 
tion,  let  us  compare  the  rise  increments  5  (Vt»^  O)  in  the 
case  of  plasma  excitation  by  a  mono-energetic  beam  and  a 
beam  with  a  weak  thermal  dispersion  ^  : 

as  Is  obvious  from  these  expressions,  the  presence  of 
velocity  dispersion  can  result  in  a  considerable  reduction 
or  elimination  of  the  rise  Increment  ^ote:  it  should  be 
noted  that  in  a  number  of  cases  a  high  thermal  beam  velo¬ 
city  can  lead  to  the  appearance  of  new  instabilities  with 
small  lrierement37i 

2)  preliminary  beam  modulation. 

The  exponential  growth  of  instabilities  depends,  as 
is  known,  on  the  fact  that  the  fields  arising  as  a  result 
of  the  Instability  increase  the  degree  of  particle  group¬ 
ing  and  concomitant  field  Inten&.l  flcation.  Preliminary 
modulation  at  a  given  frequency  violates  grouping  at  fre¬ 
quencies  different  from  the  modulation  frequency,  tnus 
bringing  about  the  elimination  of  an  entire  spectrum  of 
instabilities.  Here  it  is  necessary  to  make  certain  that 
coherence  conditions  a^Kyq.not  arise  to  excite  frequencies 
in  the  plasma  proper.  By  modulating  the  beam,  it  is  pos¬ 
sible  to  eliminate  an  instability  at  a  specified  frequency. 
]^r  this  it  is  sufficient  that  the  modulation  wave  length 
/^^be  equal  to  TV,^  -  ^ee  i^ote/.  It  should  be  poin¬ 
ted  out  that  in  eliminating  the  usually  instabilities  by 
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incdulation  it  is  poasibLe  to  bring  about  instabilities 
occasioned  by  pare?netrlo  resonances.  3ut  since  the  range 
of  parametric  resonances  Is  small,  the  existing  Inhomo- 
geneitlea  and  collisions  in  real  plasmas  will  lead  to  the 
elimination  thei*eof,  ^ote;  Co  is  the  length  of  the 
particle  clustei^j 

3)  alteration  of  the  geometry  of  the  system.  As 
has  been  pointed  out  above,  the  frequency  spectrum  and  rise 
increments  for  bounded  and  unbounded  plasmas  diverge 
greatly.  For  this  reason,  by  altering  the  geometry  of  the 
system,  one  can  alter  the  instability  wave  length  to 
exceed  the  size  of  the  system,  thereby  eliminating  the 
instability; 

4)  reverse  action  by  the  excited  oscillations  on 
the  distribution  function,  as  a  result  of  which  the  number 
of  particles  surrendering  energy  to  the  wave  will  equal 
the  rftjmber  of  particles  absorbing  wave  energy; 

5)  exploitation  of  the  non-linear  character  of  par¬ 
ticle  and  oscillator  motion; 

6)  alteration  of  the  phase  velocity  along  the  system, 

so  that  0  .  In  actual  devices,  this  condition 

can  easily  be  realized  by  varying  the  plasma  perameters 
such  as  the  density.  In  a  number  of  systems  this  can  be 
dene  automatical^. 

A  Comparison  of  E.coerlmantal  and  Theoretical  Data 

7)  Efje  to  uhe  complexity  of  the  processes  involved 
in  the  interaction,  of  charged  particles  with  plasma  and 
the  significance  of  non-linear  processes  arising  in  the 
course  of  this  Interaction,  experimental  studies  assume 
a  particularly  important  role. 

Tne  basic  aims  of  experimenters  are  the  detection  of 
Instabilities,  the  determination  of  oondltions  under  which 
they  arise,  the  detemlnatlcn  of  the  frequency  spectrum 
of  excited  oscillations,  rise  increments,  and  relaxation 
periods,  the  measurement  of  energy  losses  in  regialar  elec¬ 
tron  motion  due  to  the  excitation  of  oscillations,  and  the 
deteiTOinfition  of  the  effects  of  instab.iiltles  on  conduc¬ 
tivity  and  diffusion  in  the  plasma.  An  important  task  of 
experiinentero  is  the  investigation  of  luethods  for  elimina¬ 
ting  inttabllltles. 

Ext^erimental  studies  of  plasma  oscillations,  as  Is 
known,  ware  begun  in  l'9Sl-19c^9  by  Langmuir  and  Penning 
(reference  5b).  Of  ooriSlder*able  importance  in  the  field 
of  oscillatory  process  studies  in  plasma  are  the  Investl- 
gatlcna  carried  out  In  1939  by  Merrill  and  Webb  (reference 
59;*  The  existence  of  Instabilities  connected  with  longl- 
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tudlnal  wave  excitation  in  p3.asma  in  the  interaction  of 
an  electron  beam  with  a  homogeneous  plasma  not  contained 
in  a  magnetic  field  was  experimentally  proved  by  a  number 
of  researchers  in  1957-1958.  These  same  studies  involve 
the  measurement  of  basic  instability  characteristics. 

We  shall  consider  the  general  results  obtained  in 
these  experiments. 

The  paper  by  I,  P,  Kharcheni:o,  R.  M.  Nikolayev, 

Ye.  I.  Lutsenko,  N.  S.  Pedenko,  and  the  present  author 
(reference  60)  shovred  that  the  passage  of  an  Initially 
unmodulated  electron  beam  through  a  plasma  not  contained 
in  a  magnetic  field  resulted  in  the  appearance  of  high- 
frequency  oscillations  of  frequencies  close  to  the  Lang¬ 
muir  values.  The  excitation  of  oscillations  is  accom¬ 
panied  by  beam  automodulation.  Energy  losses  per  single 
beam  particle  equal  ^100  electron-volts/centlmeter, 
while  those  for  a  single  charged  particle  in  the  given 
case  are  electiron-volts/centlmeter.  Such  a 

sheip  increase  in  losses  is  occasioned  by  the  coherent 
character  of  beam  interaction  with  plasma  as  a  result  oi 
its  automodulation  as  it  excites  plasma  oscillations.  In 
order  to  eliminate  the  effects  of  plasma  inhomogeneity  in 
these  experiments,  particularly  bounds rj?  layers  and  the 
cathode  drop  region,  the  plasma  was  created  by  high-fre¬ 
quency  dischai’ge,  v^hlle  the  electron  beam  was  In.lected 
externally  with  an  energy  of  •'^S‘o-r70  kiloelectron-volts; 
this  is  considerably  in  excess  of  the  energy  obtained  by 
an  electron  in  the  boundary  Debye  layer.  Initial  cscll- 
latlons  were  occasioned  by  fluctuations  in  both  beam  and 
plasma. 

The  work  of  R.  A,  Demlrkhanov,  A.  K.  Gevcrkov,  A.  P, 
Popov,  et  al  (reference  62)  likewise  revealed  the  excita¬ 
tion  of  longitudinal  oscillations,  yielded  a  value  fo:^ 
the  relaxation  period,  and  established  the  appearance  of 
excited  wave  harmonics. 

The  papers  by  M.  D.  Gabovlch  and  L.  L.  Pasechnik 
(reference  63)  deal  with  the  special  structure  of  excita¬ 
tion  zones  and  the  determination  of  beam  energy  losses 
as  a  result  of  travel  through  the  plasma. 

The  effect  of  electromagnetic  wave  intensification 
resulting  from  the  Interaction  of  the  beam  with  longitu¬ 
dinal  waves  in  the  plasma  was  discovered  in  the  experi¬ 
ments  of  Boyd  and  Field  (reference  64)  and  V.  Ya,  Klslov, 
Ye.  V.  Bogdanov,  and  Z.  S.  Chernov  (references  63,  66). 

In  these  experiments,  the  initial  excitation  v.as  induced 
by  an  external  source,  so  that  increasing  high-frequency 
longitudinal  waves  were  excited  in  the  system.  /j?ote ;  the 
value  of  the  field  rise  Increment  in  the  space  was  deter- 
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mlnad  v^lth  relation  tc  iUlgriSl-s  at  the  input  and  output  of 
the  syetem7. 

The  iuoove  experiments  are  tc  some  extent  in  confliot 
with  those  cf  Looney  and  Brown  (reference  6?)  which  did 
•not  yield  the  appearance  of  beam  instabilities,  ^Kie 
reason  for  this  is  that  in  thair  experlmente  Looney  and 
Brown  made  use  of  beanis  with  srnall  transverse  dimanslcns. 

We  pointed  out  ^erlit-T  tnat  tne  oscillation  rise  inore- 
ment  decreases  in  direct  proportion  tc  the  beam  radius « 

The  theoretically  calculated  value  of  the  rise  increment 
for  the  Looney  and  Brown  «5*xperiaents  is  equal  to  2.5 
centlffietera“*‘  .  For  this  reason,  the  wave  length  at 
which  the  beam  was  to  interact  with  the  plasma  (1,5  centi¬ 
meters)  had  to  Increase  by  a  factor  of  10.  Since  in  these 
experiments  the  initial  excitation  was  detected  only  by 
means  of  fluctuations  in  the  beam  and  plasma,  the  oscilla¬ 
tion  amplitude  was  small  and  hard  to  detect.  In  all  cf 
the  previously  mentioned  experiments,  however,  the  beam 
radius  end  interaction  wave  length  were  considerably 
greater.  The  theoretical  lntei|Bi  float  ion  value  in  these 
experiments  amounted  to^  I0*4io% 

The  oscillation  rise  increments  determined  experi¬ 
mentally  and  calculated  theoretically  are  in  sufficiently 
close  agreement  (Table  6).  Certain  discrepancies  in  the 
experimental  data  obtained  by  various  authors  and  theor¬ 
etical  values  is  ob8ex*ved  in  determinations  of  the  relaxa¬ 
tion  length  for  beam-plasma  interactions,  i.e.,  the 
length  at  which  the  energy  of  regular  motion  becomes  oscil¬ 
latory  energy,  A  more  precise  comparison  of  experimental 
ar.d  theoretical  data  requires  move  accurate  experimental 
measurements  of  velocity  distributions  in  the  beam  and 
the  plasma  tempo  I’S.tu  re,  since  these  pe  remote  re  strongly 
effect  the  relaxation  length. 

Experiments  were  carried  out  In  1959-1960  on  the 
interaction  of  charged  particle  beama  with  plasmas  enclo¬ 
sed  in  a  magnetic  field  (  I.  F.  iO’xarohenko  et  reference 
68).  These  experimente  revealed  the  excl cation  of  high- 
and  low-frequency  oscillations  resulting  both  from  modu¬ 
lated  and  unmodulated  beama.  Thw  spectrum  of  excited 
high-frequency  osciliatlcns  is  accurately  described  by 
the  theoretical  relationship  cjmit  ;  4u£x 

‘Ar  Their  intensity  is  particularly  great  if  for 
u),  wu>h‘  ^  .  Low  frequency  osoilletions 

are  distributed  in  groups  In  ranges  of  tens,  hundreds, 
and  thousands  of  kilocycles  per  second.  Tliey  are  distri¬ 
buted  in  the  lonlc-cyolotronic  and  magneto  hydrodynamic 
wave  regions.  For  a  iiore  preoloe  determination  cf  the 
types  of  waves  excited,  it  is  necessary  to  measure  their 


wave  leaprth  and  to  deterinlne  the  nnarac  c.ni"  o:'  ine 
angular  depen'dence  ol'  el  octron.agnetlc  fJeidH. 

In  inveatiga ting  the  Interaction  oT  a  beam  with  plac- 
ma  in  a  pulse  regime,  the  experiment  ore  rucecn-’ded  in  ob¬ 
serving  the  development  of  InstablJ itiea  by  visual  meano 
and  in  de’:ermining  their  rise  time  due  to  the  low  fi’equcncy 
of  the  oscillaticns .  For  oscillaticns  in  the  frequency 
range  of  approximately  100  kiloeyoles/second,  the  instai..l. - 
lity  rise  time  amounts  to  about  50  microseconds,  i.e.,  to 
about  10  osclllatlonr;  (reference  49). 

In  atidltion  to  the  excitation  of  the  a  To  rementioned 
high-  and  low-frequency  oscillations,  the  experimenters 
llieewiee  observed  the  excitation  of  parametric  oscillations 
In  the  modulated  beam. 

The  following  ir  apparent  from  Table  b; 

1)  most  of  the  Instabilities  cc^nsidered  abev^'  have 
by  now  been  observed  experimentally; 

2)  the  basic  Instability  characteristics  (excitation 
conditions,  rise  increment,  frequency  spectra,  relaxation 
lengths),  detei*mlned  experimentally  are  in  most  cases 
clos<^  to  the  theoretical  values; 

3)  the  developmer-t  of  Instobilities  Is  accompanied 

by  the  appearance  of  oscillations  and  a  considerable  leduc- 
tion  of  the  regular-motion  oniergy  of  the  beam.  •  Even  In 
the  case  of  a  rarefied  plasma  (n„ cat  jo")  ,  the  losses  amount 
to  approximately  100  electrrjn  volts/centimoter  per  particle 

4)  the  development  In  instabilities  likewise  leads 
to  a  considerable  increase  in  the  plasma  electro-i  energy. 
Thus,  for  example,  this  energy  reached  values  on  the  order 
of  10-PC  kiloelectron-vol ts  in  experiments  involving  beam- 
plas.ma  interaction  in  a  magnetic  field  (r’eference  hS) ; 

5)  the  development  of  instabilities  is  accompanied' 
by  considerable  increase  in  the  Ionic  and  electi'on  cur¬ 
rents  perpendicular  to  the  magnetic  field. 

Thus,  all  of  the  "dangerous"  consequences  of  Instabi¬ 
lities  have  been  established  experlmeritall::'. 

At  the  same  tl.’ne,  the  complf  ted  experiments  confirm 
the  pocaibility  of  eliminating  instabilities.  Tnus,  for 
example,  beam  modulatlor;  leads  to  the  eliminatiori  of  an 
entire  spectn^m  of  Instc bilitles  due  to  the  fact  tnat  a 
modulat(rd  beam  car;  excite  oscillations  in  tlie  syestein  not 
coinciding  with  the  resonarice  wave  ]enp;th.  Ream  and 
plasma  raodulation  leads  to  the  appearance  of  parametric 
instabilities.  However,  since  the  width  of  excitation 
regions  Is  extremely  small,  the  density  inhoriiogeneitles 
in  trie  plasma  lead  to  the  elimination  of  these  instabili¬ 
ties.  The  elimination  of  a  number  of  Instabilities  is 
achieved  even  with  a  relatively  minor  scattering  of  velo- 


cities  within  the  beair.  The  rise  increment  is  highly 
dependent  on  the  geometry  cX'  the  system,  .1, e.,  on  the  team 
and  plasma  radius,  so  that  instabilities  can  also  be  eli¬ 
minated  when- definl CO  ratios  between  their  perameters  pre¬ 
vail.  Finally  a  number  of  experiments  have  shoim  that 
increases  in  the  amplitude  of  excited  waves  result  in  the 
appearfince  of  non-linear  effects  which  limit  the  develop¬ 
ment  of  instabilities. 

The  further  study  of  the  instabilities  considered 
above  and  ways  of  eliminating  them  will  require  experi¬ 
ments  in'  which  the  plasma  density  is  increared  to  vai’ues 
of  v\o  ~  »  with  the  degree  of  plasma  ionization 

raised  to  50-100^.  In  addition  to  this.  It  Is  necessary 
to  significantly  increase  the  electron  current  up  to 
values  of  .  This  can  be  done  most  con¬ 

veniently  by  using  plasma  formed  by  a  powerful  high-fre¬ 
quency  discharge  cesium  plasma,  and  plasma  formed  in  a 
linear  betatron.  It  is  likewise  necessary  to  carry  out 
experiments  in  which  the  effects  of  excited  oscillations 
on  conductivity  ar.d  diffusion  in  high-frequency  plasma 
would  be  dateiTOined  directly. 

We  have  been  considering  experiments  in  which  the 
interaction  between  beams  and  plasmas  was  studied  in 
specially-constructed  experimental  set  ups  designed  for 
studying  this  process  in  its  "pure"  form,  uncomplicated 
by  other  Influences. 

Of  the  experiments  cn  beam-plasma  Interaction  carried 
out  directly  in  CTR  installations,  we  should  mention  the 
work  of  Bernstein  ct  al  (reference  73)#  Ellis  et  al 
(reference  74),  The  most  significant  result  of  this  work 
has  been  the  confln.ation  of  the  fact  that  instabilities 
can  arise  In  Btellai’ators  at  currents  considerably  smaller 
than  the  critical  currents  which  give  rise  to  magneto 
hydrodynamic  instability,  “niese  instabilities  are  accom¬ 
panied  by  an  Increased  high-frequency  noise  level  which 
is  considerably  in  excess  of  the  ’’thermal”  noise  level. 
Also  obsein/ed  vras  the  emission  of  high-frequency  oscilla¬ 
tions  in  the  10,000-70,000  raegacycle/second  frequency 
range  cori’esponding  to  the  freouency  of  Langmuir  oscilla¬ 
tions.  By  measurements  of  Roentgen  emission  it  has  been 
established  that  instability  is  accompanied  by  the  appear¬ 
ance  of  high-energy  electrons  (up  to  3  million  electixn 
volts) .  As  was  shown  in  the  recent  studies  carried  out 
by  Ellis  et  al  (rtfouence  74),  instabilities  appear  in 
those  cases  where  there  are  proper  conditions  for  the  for¬ 
mation  of  a  significant  number  of  escaping  electrons.  In 
order  for  electron  to  achieve  tl.is  state,  the  energy  it 
must  acquire  during  free  -flight  period  must  be  comparable 


41 


/  v' 


with  rhrt  c:. '1  ener . 

above  experiments  V  tar-nea  out  to 
Upon  attaining  these  values,  the  currsni 
tor  is  aharplj^  reduced  despite  the  inereased  electric 


C  i.  r  '  J 

be  equal 


l!i  the 
to  0. 1-0.2. 
the  flteliara- 


field.  This  reduction  is  explained 
elect rono 
tion,  The 
critical  value 


by 


lose  energy  in  tne  course  c 

time  during  vrhich  the  quantity 
and  the  cux'rent  is 


the  fact  fdiat 
o  sell  .la  to  ry  ex  e  1 1 a  - 
■f*  reaches  a 
reduced  sharply  equals 


approximately v  80o  mlexx>fieccnc3.  The  above  ex¬ 


periments  confirro  the  ro3e  of  high-frequency  ins ta'oil ttl.es. 
in  the  operation  of  a  stellarator.  At  the ‘present  tiii'iO. 
ho 'fever,  it  la  difficult  to  evaluate  the  significance  oo 
high-frequency  oscillations  for  plasma  diffusion  in  the 
stellarator  ^ee  Note/,  One  of  t.he  drawbaoko  of  the 
experiments  conslateH  in  the  fact  that  they  did  not  in¬ 
clude  a  study  of  the  oacillatXcr;  apectr^tm  and  a  correla¬ 
tion  of  these  oscillations  with  conditions  conducive  to 
the  appearance  of  ins tabil ties .  We  irudt  boar  jn  mind 

that  most  of  the  excited  frequencies  are  relat^ed  in  a 
simple  way  to  the  number  of  escaping  electrons.  These 
frequencies  equal'v»(!^^'^  4-  ,  where  the 

frequency  of  .Ionic  Langmuir  osoil-lationsj  is  tne 
LangRiUlr  plasma  frequency  for  the  rest  atatei  _  and is 
the  Langmuir  fx’eouoncy  of  the  mov.ing  plasma  ,4'lotet  3ovf- 
freer ency  instabilities  must  be  of  great  significance  t.'> 
diffueiori  in  the  3fceilarator7. 

6)  Until  the  present  Time  most  of  the  .attention  l,n 
studies  of  beam-particle  interaction  waa  centered  about 
the  excitation  of  Instabilities  constituting  one  of  the 
main  obstacles  In  the  path  of  realizing  CTF.  It  Is 
necessary  to  note,  however,  that  the  indicated  intnrectlcn 
simultaneously  leads  to  an  intensive  ''colllslonless'*  energy 
exchange  between  the  charged  particles  and  plasma;  th«?reby 
playing  a  favorable  role.  It  would  be  Inter-eatlng  to  con¬ 
sider  theoretically  and  experimentally  the  problem  of 
using  this  interaction  for  plasma  thermall ration.  As  was 

pointed  out  above,  in  the  interaction  of  electron  beams 
with  plasma,  the  energy  of  regular  eleati'on  .mopion  over  a 
very  shox’t  period  of  time  u5"<* -j  can  pe  con¬ 

verted  Into  longitudinal  wave  energy.  As  the  amplitude 
of  these  waves  increases,  there  may  arise  a  relative  elec¬ 
tron-plasma  Ion  motlcn  oi''  large  relative  velocity.  Hiis 
relative  motion  can  also  take  place  In  the  development  of 
Instabilities  occasioned  by  transverse  motion. (a?  for 
example  under  conditions  of  cyclotTOnic  reso'nanG--?) . 

The  interaction  conaidered  allows  an  effective  trvSus- 
fer  of  energy  from  the  electi’on  beame.  to  the  plasma  ions. 
For  th.li3  purpose,  the  dimensions  of  the  electron  cluster^?. 
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or  the  ri:v.,GUl2 vicri  wuveleng cj-'  ^c-  selected  as  to 

satisfy  the  coherence  conditions  for  ionic  oacillatlons 
and  net  for  electron  oscillations.  Tlcis  requires  that 

•  Under  these  conditions,  as  distinct  from 
pair-intoraction,  electi'ons  vvill  yield  most  of  their 


energy  to  the  ions. 

It  Is  likewise  possible  to  work  ouo  methods  of  in¬ 
jecting  charged  particles  into  plasma  based  on  the  fact 
that  coherent  losses  of  energy  as.  the  latter  move  throagii 
the  plasma  can  attain  extremely  high  values  (100-1000  elec¬ 
tron  volts/centirreter) . 

Thus,  beam-plasr-.a  interaction  can  be  used  for  both 
the  injection  and  the  heating  of  the  latter.  The  basic 
difficulty  here  is  that  this  interactions  allov/s  for 
considerable  diffusion.  It  should  be  noted,  however, 
that  there  apparently  e-cist  a  number  of  types  of  InataDl- 
litles  such  as  longitudinal  plasma  oscillations  wnieh  in¬ 
volve  large  beam-plasma  energy  exchanges  but  do  not  direc¬ 
tly  increase  diffusion. 

The  considerations  adduced  above  cannot  op  considered 
fully  confuted  at  the  present  timej  It  is  our  cpinicn, 
however,  that  they  ought  to  be  Irwestigated. 

The  interaction  of  charged  particle  beams  with  plasmas 
is  likewise  of  interest  from  the  standpoint  of  plasma  diag¬ 
nostics.  It  allows  v'Ot  only  the  determination  of  plasma 
density,  but  also  the  frequency  of  pair  collisions  in  the 
plasma  and  the  function  of  electron  and  ion  distribution 
within  the  plasma  with  respect  to  velocity.  Since  in 
this  type  cf  Interaction  the  oscillations  rise  exponen¬ 
tially  and  appear  at  a  time  when  the  rise  increment  exceeds 
the  frequency  of  pair  collisions,  th.e  measurement  of  col¬ 
lision  frequency  on  uhe  basis  of  the  instability  excita¬ 
tion  threshold  constitutes  a  very  sensitive  method  indeed. 

Reversing  the  dispersion  equation,  it  is  poscible  to 
obtain  relationships  connecting  (v')wlth  the  phase  and 
group  velocities  of  waves  propagating  through  the  plasma, 
and  their  xhee  increinents  (refer-ence  ?5).  Thus,  measur¬ 
ing  the  dependence  of  phase  velocity  and  rise  Increment 
on  frequency,  Ic  is  possible  to  detemine  the  distribution 
funobion  for  plasrne  particros, 

Deepitfc  the  importance;  cf  investigating  the  above 
problems,  the  quesulou  of  eliminating  Instabilities  appa- 
i*ently  atill  remain,;  the  most  timely  and  difficult  task. 
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.  Langmuir  fraquency  of  plasma  elaotrons; 

Langmuir  frequenoy  of  plasma  lonsi 
CD  —  Fraquenoy; 

coh  •  Langmuir  frequency  of  electrons; 

>rVH  *-*  Langmuir  frequency  of  Ions; 

^alnrtto  —  Rise  Increment; 

^  — >  Rise  increment  of  the  wave  with  wave  vector  k; 

—  Width  of  the  resonance  curve  S(Rett>); 

Vt^  '  Phase  velocity  of  the  wave  in  the  direction  of 
^  beam  travel; 

—  Projection  of  the  wave  vector  on  the  direction 
of  beam  travel; 

Ic^  —  Projection  of  the  wave  vector  along  the  con¬ 
stant  magnetic  field; 

ICx  —  Projection  of  the  wave  vector  perpendicular  to 
the  constant  magnetic  field; 
k  —  Wave  number; 

2m k  —  Rise  increment  in  space; 

\4>  **-  Regularized  beam  velocity;  I 

fff  mm  Velocity  of  regularized  motion  in  a  direction  i 
^  perpendioular  to  the  constant  magnetic  field;  ! 

-•  Thermal  velocity  of  electrons  or  Ibns; 

''  —  Drift  velocity;  S 

Va  —  Alfven  velocity; 

—  Plasma  density; 

—  Ionic  background  density; 

—  Density  of  electrons  not  captured  by  the  wave;i 
V4,  —  Number  of  particles  in  cluster; 

•“  Temperature  of  electrons  or  ions  (given  in  ergs 
in  the  tables); 

—  Temperature  of  plasma  elaotrons  for  tsO  (here, 
k  is  the  Boltzmann  constant); 

*"*■  Temperature  of  beam  electrons  perpendicular  anjd 
parallel  to  the  direction  of  beam  travel,  res>r 
peotively; 

A©!  ••  Variation  of  transverse  beam  temperature; 

E,  —  Intensity  of  constant  electric  field} 

—  iaplitude  of  the  field  of  the  waveoorrespondinjg ' 
to  a  given  value  of  the  wave  vector  k;  | 

***  Field  intensity  at  which  beam  fragmentation  in; 
the  plasma  begins;  I 

—  Bleotrio  -field  intensity;  ! 

Critical  value  of  eleotric  field  Intensity 
pj-yht  —  Komentum  across  and  along  the  magnetic  field;  i 
Angle,  between  the  dlreotion  nf  the  constant- _ 
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magnetic  '‘..  Id  and  tbe  direation  of  wave  pro- 
p-agatioiif 
C*—  Coadu-tivlty; 
rv^Cd*)-**  R®f2ractiv6  Index; 

'  r  —  Gamma -function; 

X> —  Debye  radius; 
i  —  Particle  energy; 

S  —  Eecaplng  electron  stream; 
a.  «• «  Radius  of  plasma  rod; 

X  —  Wavelength  in  vacuum; 

’  n"  ““  R^tio  of  electron  and  ion  masses; 

larmor  radius  for  ions; 

Uj,  ^  1*^  —  geometric  dimensions  of  the  system; 
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A  =s  Instability  oaoEslonod  by  anomalcue  Doppler  effect; 

B  =  Type  of  oscillations; 

C  s  Excitation  conditions; 

D  a  Frequency  spectrum; 

£  a  Rise  Increments; 

F  a  Numerical  example; 

G  a  References; 

H  Si  Instability  of  transverse  waves  In  electron  beem; 

I  a  Longitudinal  waves  (two  beams); 

J  a  Longitudinal  electron-ion  oscillations  (plasma  elec¬ 
trons  form  a  beam) ; 

K  a  Longitudinal  oscillations  {plasma  electrons  form  beam); 

L  :r  lonio-oyolotronic  oacillatlons  excited  by  electron 
beam; 

M  a  lonio-eyolotronlc  osclllationa  exolted  by  Ion  beam; 

N  s  Plasma  oeclllatlcns  across  magnetic  field  exolted  bv 
eleotron  beam; 

0  =  longitudinal  eifcctron  osclDlations  excited  by  elec¬ 
tron  beam; 
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A  s  Instability  occasioned  by  normal  Doppler  effect; 

B  =  Type  of  instability; 

0  =  Sxoitation  oonditions; 

D  =  Frequenoies; 

£  =  Rise  increment; 

?  s  Example; 

G  =  References; 

H  £  Instability  of  oscillator  electron  beam; 

I  a  Instability  of  transverse  waves  interacting  with 
relativistic  oscillator  stream; 

J  a  Instability  of  ionic  oscillator  beam; 

K  a  Excitation  of  longitudinal  oscillations  in  plasma  by 
electron  oscillator  beam. 
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Table  4 


A  =  Nonlinear  effects  in  beam-plasma  interactions; 

3  =r  Type  of  interaction; 

0  =  Beam  retardation; 

D  =  Temperature  rise; 

E  =  Relaxation  time; 

?  =  Increment; 

G  =  References; 

H  =  Electron  beam  in  ionics  plasma; 

I  =  Monoenergetlc  beam  in  plasma; 

Ja  Ionic-sonic  oscillations  (monochromatic  wave); 

K  =  High-frequeney  electron  beam-plasma  oscillations; 
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A  =  Comparison  of  thfjcretical  and  experimental  values  for 
rise  increments  and  relaxation  lengths; 

B  =  T7/pe  of  oscillation; 

C  =  Frequency; 

D  =  Rise  increment; 

E  =:  Experiment; 

P  =  Theory; 

G  =  Relaxation  length; 

H  :=  B3:periment; 

I  =  Theory; 

J  =  References; 

K  =  Intensification  of  longitudinal  waves  in  beam  by 
plasma; 

L  =  Excitation  of  longitudinal  waves  in  plasma  by  beam; 

M  =  Intensification  of  longitudinal  waves  in  beam  by 
plasma; 

N  =  Excitation  of  longitudinal  waves  in  plasma  by  beam; 

0  =  Beam  diffusion  at  plasma  oscillations; 

P  =  High-frequency  oscillations  in  magnetic  field; 

Q  s  Low-frequency  oscillations  in  magnetic  field; 

R  s  High-freouency  oscillations  in  magnetic  field; 

S  s  Same  as  (R)  above; 

T  =  Low-frequency  Ion  oscillations; 

U  s:  High-frequency  oscillations  in  magnetic  field; 

V  =r  The  author  is  grateful  to  D.  Vinter  for  the  oppor¬ 
tunity  to  acquaint  himself  with  this  work. 
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MAGNETIC  TRAPS  WITH  WSPED  FIELDS 


/Following  Is  the  translation  of  an 
article  by  S.  Yu.  Luk'yanov  and  I.  M. 
Tocigomyy  in  Atoynaya  Energlya  (Atomic 
Energy),  vo  lunie  ll ,  #  it ,  6c  to  be  r  196I, 

pps.  336-344_7 


Introduction 


In  the  search  for  systems  suitable  for  the  experi¬ 
mental  realization  of  thermo -nuclear  synthesis,  there 
have  been  several  installations  of  extreme  interest  from 
the  standpoint  of  originality  and  engineering  Ingenuity. 
Seeking  to  find  a  final  or  penultimate  solution  to  a 
most  difficult  technical  pi’oblem,  physicists  have  been 
obliged  to  construct  systems  on  a  very  large  scale  capable 
of  achieving  a  high  state  of  vacuum  and  producing  magne¬ 
tic  fields  in  complex  configurations.  Such  installations 
as  the  "Ogi’a”,  "Zelta",  or  the  stellarator  serve  as  clear 
teatirocny  of  the  trends  followed  in  the  construction  of 
such  devices. 

Unfortunately,  the  xreal  properties  of  heated  plasma 
are  considerably  more  complex  than  is  pictured  in  ideal¬ 
ized  representations.  They  exhibit  various  types  of 
irregularities  which  have  been  detected  Just  recently  in 
magnetic  traps  with  plugs  and  toroidal  systems  with  longi¬ 
tudinal  magnetic  fields.  This  makes  quite  clear  the 
re-awakened  Interest  in  traps  with  magnetic  fields  increa¬ 
sing  toward  the  periphery,  which,  at  least  in  principle, 
are  free  from  certain  of  the  irregularities.  Another 
advantage  of  these  traps  is  the  absence  of  a  magnetic 
field  in  the  central  region,  i.e.,  in  the  area  of  maxi¬ 
mum  plasma  concentration.  This  leads  to  a  situation 
where  magnetic  radiation  losses  become  insignificant . 

There  is  little  need  for  placing  special  empnasls  on  this 
fact  with  the  present  level  of  our  knowledge,  however. 

We  are  still  very  far  from  attaining  conditions  under 
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which  iiiagnetlc  radiation  losees  are  a  serious  obstacle  in 
the  construction  of  a  thermonuclesr  generator. 

Quite  naturally  the  aforementloneci  advantages  are  not 
secured  free  of  charge.  A  trap  with  an  increasing  magne¬ 
tic  field  turns  out  to  be  extremely  full  of  holes.  In 
addition  to  the  possible  loss  of  particles  through  the 
floods  near  the  access  of  the  system,  ti-aps  of  this  type 
have  an  annular  magnetic  crack  in  their  equatorial  plane 
of  symmetry.  (It  is  assumed  that  the  trap  is  axially 
symmetric  and  is  made  up  of  2  spools  facing  one  another, 
i.e.,  constitutes  a  magnetic  quadropole.) 

As  has  been  the  case  in  almost  all  of  the  main 
research  trends  concerned  with  the  problems  of  directed 
synthesis,  the  first  ideas  and  suppositions  were  expres¬ 
sed  both  in  the  Soviet  Union  and  abroad  completely  inde¬ 
pendently  and  practically  at  the  same  time.  The  gener¬ 
al  properties  of  magnetic  systems  in  which  the  upper 
boundary  of  the  plasma  is  convex  were  established  by 
L.  A.  Artsimovich  and  E.  Teller.  Just  prior  to  the 
Second  International  Conference  on  the  Peaceful  Uses  of 
Atomic  Energy  (Geneva,  1958)*  0.  B.  Pirsov  (reference  1) 
of  the  Soviet  Union,  and  Grad,  Ber^cowlch,  and  others 
(reference  2)  from  the  west,  had  already  examined  the 
process  of  plasma  ieatrage  from  the  region  bounded  by  the 
Increasing  field.  In  particular,  0.  B.  Pirsov  proposed 
the  idea  of  the  difraslve  expansion  of  the  magnetic  fis¬ 
sure  so  characteristic  of  this  type  of  trap.  At  the 
same  time,  discussions  were  held  at  the  Atomic  Energy- 
Institute  of  the  USSR  Academy  of  Sciences  to  consider  the 
experimental  possibilities  of  constructing  a  small  stat¬ 
ionary  trap  of  this  type;  these  talks  were  followed  by 
the  first  experiments  (references  3#  7).  This  same 
period  saw  the  appearance  of  papers  dealing  with  the  pas¬ 
sage  of  plasma  clots  through  magnetic  fields  of  various 
configurations,  including  fields  of  increasing  intensity 
toward  the  periphery  (reference  4),  as  well  as  articles 
concerned  with  the  behavior  of  weakly-ionized  plasmas  in 
such  fields  (reference  5).  On  the  whole,  however,  deve¬ 
lopments  in  this  field  were  rather  slow  in  coming  and  the 
aforementioned  re-awakening  of  interest  in  traps  with 
cusped  fields  has  taken  place  Just  within  the  last  1  or  2 
years.  It  was  during  this  time  that  American  and  Soviet 
periodicals  published  about  10  articles  dealing  with  the 
behavior  of  plasjnas  In  such  setups  (references  6-l6). 
Nevertheless,  the  accretion  of  data  so  far  obtained  is 
quite  small,  with  many  problems  requiring  further  de¬ 
tailed  investigation,  so  that  a  logical  presentation  of 
the  accumulated  experimental  information  presents  serious 
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difficulties. 

We  shall  make  use  of  the  following  outline  in  the 
presentation  of  our  material:  first,  we  shall  examine  the 
qualitative  picture  of  plasma  behavior  in  a  trap,  then 
pi-oceeding  to  discuss  the  basic  experimental  facts,  con¬ 
cluding  with  a  few  remarks  concerning  possible  future 
research  trends. 

Plasma  Behavior  In  A  Cusped-Field  Trap 

Let  a  magnetic  system  be  made  up  of  2  coaxial  coils 
aligned  in  a  face  to  face  configuration  (figure  l)j  then 
in  the  nelghbortiood  of  the  null  field  point,  the  magnetic 
field  components  will  increase  llnlarly  with  the  co-ordin¬ 
ate  : 

H,  ‘O.Z  ;  Ht  (0 


Let  us  suppose  that  -with  the  aid  of  some  unknown 
mechanism,  a  hot  and  highly  conductive  plasma  is  briefly 
Introduced  precisely  into  the  center  of  the  trap  where 
H  ■  0.  The  plasma  then  pushes  the  lines  of  force  apart 
and  fills  in  the  weak  field  region.  This  gives  rise  to 
a  central  region  free  of  any  field  and  a  compressed  field 
region  without  any  plasma  (figure  2a, b).  A  pressure 

balance  Is  established  at  the  plasma  boundary,  correspon¬ 
ding  currents  flow  along  the  plasma  surface,  and  the  dia¬ 
magnetic  plasma  formation  has  an  unchanging,  stable  form. 
At  this  initial  moment  of  time,  plasma  leakage  takes 
place  through  an  annular  magnetic  fissure  of  width  ; 

here  la  larmor  radius  for  electrons  in  the  area  of  the 
fissure.  Simultaneously  with  plasma  leakage,  however, 
there  begins  yet  another  process  in  which  the  plasma 
gradually  starts  to  diffuse  into  the  field  and  the  field 
gradually  enters  the  plasma;  this  is  a  mutual  ir.terTpene- 
tratlon  of  plasma  and  field.  This  process  can  also  be 
characterized  as  an  expansion  of  the  magnetic  fissure. 
According  to  the  laws  ol  diffusion,  the  increase  in  the 
size  of  the  fissure  is  very  rapid  at  first,  but  slows 
down  gradually  (figure  2o,d).  Penetrating  into  the 
transition  layer,  the  plasma  escapes  from  the  trap  through 
the  expanded  annular  fissure,  moving  along  the  force  field 
lines.  AS  a  result  of  quasi-neutrality,  the  leakage  of 
plasma  in  this  direction  proceeds  at  ionic  rates.  At  the 
boundary  between  the  "pure"  plasma  and  the  transition 
layer  there  is  a  pressure  equilibrium,  and  the  plasma  is 
ejected  from  the  trap  like  toothpaste  from  a  tube.  It 


turns  out  that  if  a  pr'e.:!8ure  equilibrium  doea  indeed  exist; 
the  rate  of  fissure  (or  transition  layer)  expansion  is  in¬ 
dependent  of  the  magnetic  field  and  is  equal  to  the  skin 
layer  formation  rate. 

In  oiHier  to  understand  what  follows*  it  must  be 
noted  that  the  debye  screening  radius  at  the  plasma  boun-  I 
dary  is  much  less  than  the  lannor  ionic  radius.  For  this 
reason,  the  formation  of  a  transition  layer  which  takes 
place  as  a  result  of  eleatron-ionlc  collisions  starts  at 
the  layer  whose  thlckfiese  at  the  first  moment  is  equal  to 
the  larsnor  electron  diameter.  Speaking  pic  tonally, 
mobile  electrons  atnve  to  escape  from  the  trap  along  the 
lines  of  force  (through  the  fissures)  but  are  held  back 
by  slow  ions.  It  would  seem  that  the  field  would  be 
traversed  in  a  transverse  direction  by  ions  with  lai^e 
larmcr  ndii,  but  these  are  held  back  by  electrons. 

Within  the  framework  of  this  qualitative  picture  it 
is  possible  to  determine  the  dependence  of  the  time  of 
plasma  seepage  from  the  ti^p  on  the  characteristic  size  of 
the  system  R,  the  magnitude  of  the  magnetic  field  H,  and 
the  initial  plasma  energy  W,  as  well  as  to  Investigate 
the  character  of  plasma  density  variation  with  time. 

Appropriate  calculations  (reference  16)  show  that  the 
time  of  plasma  life  within  the  trap  under  these  conditions 
is  approximately  proportional  to  the  expression  (9^/H')  > 

slowly  increasing  with  the  initial  energy  of  the  plasma 
formation  and  practically  independent  of  plasma  tempera¬ 
ture. 

To  find  the  dependence  of  plasma  density  on  time,  it 
is  necessary  to  solve  an  equation  of  the  form 

cAt>l  ^  ^  ^ 

(At  H  ^  (%) 


Where  N  is  the  total  number  of  particles  in  a  field-free 
region;  n  is  the  plasira  density;  is  the  ionic  velocltjj 
and  S  is  the  magnetic  fissux*e  area.  laking  the  classical 
expression  for  the  diffusion  coefficient  and  noting  that 
N  ■  nV  where  V  is  the  variable  volume  of  the  compr-essed 
plasma,  and  making  use  of  the  condition  that  the  plasma 
and  field  pi'essures  are  equal,  it  is  possible  to  find  the 
solution  to  the  above  equation.  Figure  3  depicts  the 
variation  of  plasma  temperature  with  time.  The  salient 
feature  of  the  solution  is  the  fact  that  the  plasma  es¬ 
capes  from  the  trap  within  a  definite  time,  and  not  that 
density  decreases  accoi'dlng  to  an  expanential  law. 

Of  course,  everything  said  so  far  hardly  describes 
the  actual  processes  which  take  place  in  a  trap.  The 
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fact  of  the  matter  is  that  the  behavior  of  pia&nm  in  such 
a  trap,  its  stability,  length  of  life,  etc.,  are  all 
closely  bound  up  with  the  method  of  plasma  Injection. 

Almost  all  researchers  concerned  with  cusped-fleld 
traps  make  use  of  scj.ie  variation  of  electro -dynamic  injec¬ 
tors  in  their  work.  Various  types  of  injectors  vary  slg- 
nlfioantly  with  respect  to  intensity,  the  rate  of  motion 
of  the  plasma  clot,  and  time  of  operation.  There  is  no 
such  thing  is  an  ideal  injector,  hot'^ever,  which  could 
introduce  extremely  hot  plasma  into  the  trap  within  a 
very  short  period  of  time.  For  this  reason,  in  penetra¬ 
ting  the  magnetic  barrier  under  actual  working  conditions, 
the  plasma  already  partially  mingles  with  the  field  (fig¬ 
ure  4).  The  depth  of  field  penetration  into  the  plasma, 
the  magnitude  of  the  naignetlc  stream  caugiit  up  by  the 
plasma  and  "frozen"  Into  it  are  dependent  on  plasma  tem¬ 
perature,  the  rate  of  its  motion,  and  the  raagnltuta  of  the 
magnetic  barrier.  We  must  note  2  conditions  which  accom¬ 
pany  the  filling  of  the  trap  with  plasma.  In  the  first 
place,  the  filling  process  proceeds  simultaneously  with 
the  expansion  of  the  magnetic  fissure  and  plasma  diffusion 
in  all  directions.  In  other  words,  plasma  density  in¬ 
creases  as  the  plasma  seeps  off.  In  the  second  place,  the 
presence  of  a  macroscopic  current  flowing  along  the  peri¬ 
phery  of  the  plasma  clot  being  injected  acts  to  displace 
the  center  of  the  system  (the  point  of  null  field  in  a 
vacuum)  somewhat. 

The  process  of  field-free  plasma  seepage  from  the 
trap  (if  such  plasma  doejj  Indeed  ex-lst)  Is  again  descri¬ 
bed  by  equation  (1)  but  with  an  additional  tern  which 
depends  on  time  and  takes  the  action  of  the  Injector  into 
account.  The  seepage  time  in  this  case  is  finite. 

Let  us  now  assume  that  by  the  end  of  the  injectlcn 
process  there  will  be  a  certain  volume  within  the  trap 
filled  with  field-mixed  plasma.  Let  us  also  assume  that 
"pure"  plasma  constitutes  a  small  portion  thereof.  Then 
the  process  of  trap  emptying  la  best  described  with  the 
aid  of  a  model  with  a  constant  volume  and  a  fissure  of 
constant  width.  Let  us  recall  that  the  fissure  width 
increases  rapidly  during  the  initial  stages,  and,  conse¬ 
quently,  having  reached  significant  proportions  by  the 
time  of  the  injection,  contlnujjs  to  increase  in  size  quite 
slowly.  In  the  central  portion  of  the  weak  field,  the 
Ions  are  aa  formerly  umnagnetized,  so  that  their  movement 
from  one  edge  of  the  fissure  to  the  other  proceeds  with¬ 
out  the  conservation  of  magnetic  moment.  Plasma  seepage 
as  formerly  takes  place  along  the  lines  of  force  at  an 
Ionic  rate  but  without  additional  pressure  applied  by  a 
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magnaUic  field.  In  sucii  a  model,,  the  variation  of  plasma; 
*  density  with  time  can  be  written  as 


n  * 


where  IT  is  the  oh&raoteristlc  seepage  tlae  (figure  5) 
‘jPhe  value  V  is  given  by  the-  efquatidn 

r  •  ^-(in  e./?  0 


Where  ^  is  the  fissure  width,  and  the  rest  of  the  symbols 
as  defined  above , 

;  Hence,  regardless  of  the  concrete  modal  considered, 

I  the  plasma  in  traps  with  cusped-fields  will  be  o^t'ncsntra- 
!  ted  In  the  central  region.  Plasraa  seepage  must  take 
‘  place  through  the  annular  magnec?wc  fissure.  The  time  of 
;  plasma  escape  from  the  trap  can  be  deteimined  for  two 
’  boundary  cases.  In  the  mdel  with  '’pni'e**  plasma,  the 
i  seepage  tine  turns  out  to  be  finite. 


Basic  Fxperltnental  Data 


Table  1  contains  u  listing  of  the  sizes  and  maximum 
j  values  for  the  magnetic  field  (in  the  region  of  the  mag- 
I  netlo  fiesure)  for  a  number  of  completed  setups.  In  all 
^  systsma  with  the  exception  of  that  of  Watteau,  the  plasma 
is  introduced  into  the  trap  along  the  axis  of  sysmnetr/ 
with  the  aid  of  an  electro-dynamic  injector  of  some  type.  ! 
The  directed  velocity  of  the  plasma  clot  lies  within  the 
limits  of  (Q.7-I.XJ*  lO’  centime ters/seoond.  In  the  Wat¬ 
teau  /^ference^/  setup,  the  variable  magnetic  field 
with  a  period  ofiC  mloroseconds  and  an  amplitude  as  in¬ 
dicated  in  Table  1  was  applied  to  a  direct  self -constric¬ 
ting  charge  with  a  current  Intensity  of  15  klloampferes. 
'/aouum  oonditions  were  compilable  in  all  oases.  Ultra- 
high  vacuum  techniques  were  not  employed. 

A  niasber  of  methods  ware  employed  in  the  study  of 
plasma  behavior  in  the  trap.  Photographic  techniques, 
including  high  speed  photography  were  used  to  obtain  pho- 
.  tographc  of  the  plasma  in  the  traps  at  various  moments  cf 
time.  The  use  of  electrical  probes  of  various  types  made 
'  it  possible  to  determine  plasma  density  as  it  varied  in 
time  and  its  topography.  Magnetic  probee  were  employed 
to  study  the  prooers  of  field  displacement  (or  capture) 
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in  the  plasma  and  Vov  deterai5iilna  the  currents  Tlcwing 
through  the  injected  plasma  clots.  Calorimetric  methods 
raade  it  possible  to  ceteiTnine  the  spatial  picture  of  plas¬ 
ma  seepage  from  the  central  regions  of  the  trap.  Spec¬ 
troscopic  techniques  v/ere  employed  quite  sparingly.  This 
wan  pai'tially  due  to  the  low  intensity  of  luminescence 
fix>m  the  plasma  under  the  given  coaditicns. 

Let  us  first  consider  the  experlinental  data  confir¬ 
ming  the  capture  of  plasma  clots  In  traps  and  tne  problem 
of  plasma  life.  Figure  6  shows  oscillograms  of  ionic 
saturation  current  on.  an  electric  probe  placed  in  the 
central  region  obtained  in  the  ’’Orekh"  (reference  16). 
Assuming  constant  plasma  temperature,  these  curves  indi¬ 
cate  the  variation  of  its  density  with  time.  The  dis¬ 
charge  in  the  Injector  circuit  is  cut  off  with  the  aid  of 
a  special  discharger  following  the  first  semi-period; 
thus,  the  duration  of  the  entire  cycle  Is  about  3  micro¬ 
seconds.  As  may  be  seen  from  the  oscillograms,  plasma 
density  reaches  a  maximum  value  after  the  current  is  cut 
off  in  the  injector  circuit.  The  process  of  density 
decrease  la  stretched  out  over  many  tens  of  microseconds. 
It  is  Interesting  to  note  that  the  characteristic  seepage 
time  turns  out  to  be  practically  independent  of  the  stren¬ 
gth  of  the  magnetic  field.  Figure  7  illustrates  this 
contention  with  the  aid  of  data  obtained  with  the  same 
trap. 

Plasma  lifetimes  as  measured  with  other  setups  turn 
out  to  be  on  the  seme  order  and  lie  within  limits  ranging 
from  ^ 


in  reference  (9)  up  to  '^?.0O  mlcrose-conas 
in  reference  (12).  Another  factor  to  be  taken  into  con¬ 
sideration  in  the  latter  case  is  the  extremely  long  dura¬ 
tion  of  the  injection  procese  (^iSTO  microseconds), 
making  it  difficult  to  distinguish  the  trap  filling  stage 
from  the  leakage  etaye.  Aaothex’  compll  cst.ing  factor  in 
this  particular  oxpeulnient  la  secondary  ionic  emission 
from  the  walls  of  the  system  wnlch  supplies  slow  ions  to 
the  central  region  and  lengthens  the  plasma  disintegration 
process. 

The  process  of  plasma  formation  and  disintegration 
can  likewise  be  ob.servc-d  through  variations  in  its  lumin¬ 
escence,  registering  the  intensity  with  the  aid  of  a 
photoelectric  pickup.  The  results  of  photoelectric 
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measurements  ai*e  in  agreement  with  date  obtained  with  the 
aid  of  probe  techniques. 

The  experiment  in  reference  11  involved  the  use  of 
high-speed  motion  picture  photography  for  observing  the 
course  of  the  process.  The  resulting  films  make  it  pos¬ 
sible  to  follow  both  the  penetration  of  the  plasma  thix>ugh 
the  magnetic  barrier  and  its  subsequent  behavior  within 
the  trap.  In  this  case,  the  plasma  life  time  was  likewise 
on  the  order  of  tens  of  microseconds. 

In  siiinmary  it  might  be  said  that  the  combination  of 
probe,  photoelectric  and  photographic  obseirvationa  is 
sufficiently  convincing  testimony  of  plasma  clot  capture 
in  the  trap.  The  characteristic  plasma  lifetimes  turn 
out  to  be  rather  discouraging,  however;  they  are  quite 
close  to  flythrough  times.  This  Is  not  surprising;  as 
has  already  been  stated,  in  traps  with  cusped  fields  the 
plasma  can  escape  through  fissur-es  wlthoiit  being  retarded 
by  collisions  between  particles. 

Quantitative  coD<parinons  of  experimental  data  with 
the  above  estimates  ar?.  of  eoux*se  of  a  preliminary  charac¬ 
ter,  let  us  nevertheless  cite  a  few  figures.  For  the 
"Orekh”  setup  (in  a  typical  range),  the  dlsplaced-field 
model  yields  a  complete  escape  time  on  the  order  of  20 
microseconds.  The  constant-volume  node!  on  the  other 
hand  gives  a  characteristic  escape  tlcie  (i.e.,  the  time 
It  takes  for  the  con* entration  to  reach  l/e  of  its  initial 
value)  on  the  order  of  80  microseconds.  We  thus  have  a 
reasonable  "branching'*  of  the  estimated  values. 

The  penetration  of  field  into  plasra.n  during  the  in - 
Jection  process  was  discovered  from  an  aialysis  of  mag- 
neclc  probe  data.  Tuci  Infoiroation  is  contained  in  a 
number  of  paoers  (references  B,  12,  l6).  The  constancy 
of  plasma  lifetime  observed  in  experiments  (see  figure  7) 
with  variations  in  magnetic  field  Intensity  over  wide 
limits  also  testifies  In  favor  of  the  supposition  that 
there  Is  a  strong  Intermingling  of  field  and  plasma  under 
the  given  conditions.  L«t  ua  likewise  note  that  the 
extremely  short  lifetime  observed  by  Scott  and  Wenzel 
(reference  3)  in  their  experiment  ccinoidcs  with  tnu  small 
transverse  dimensions  of  their  trap. 

Let  us  nov;  consider  the  problems  of  the  spatial  dis¬ 
tribution  of  plasma  in  the  trap.  Figure  8  repi’esents  a 
photograph  of  plasma  obtained  during  the  ccmoi'esalon  of  a 
pulsed  discharge  by  cusped  fields  (reference  9).  The 
flattened  shape  of  the  p?asraa  formation  localiited  in  the 
medial  plane  of  the  system  stands  out  quite  clearly  in 
this  photograph.  This  same  cwncluslon  can  be  drawn  from 
an  examination  of  the  rnoclon  picture  still  included  in 
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article  il.  Quancli^Jiti ve  dau;.  on  pi&.£..T)a  t.cpogx’Op»v  ^-n  a 
cuapoQ-fleld  trap  according  to  the  measuromeats  of  Ccens- 
gen  and  others  (i^eference  1?)  nre  presented  in  figure  9« 

As  is  apparent  fj-pni  the  gr^pha^  the  plasma  is  more  and 
more  constricted  tovrarcs  the-  axis  as  vce  move  away  frcmi  the 
central  plane  of  the  s^^stem.  The  curves  of  radial  plasma 
density  distribution  in  relative  units  were  obtained  by 
integrating  signals  from  electrical  probes  of  apecial 
design. 

In  accordance  with  the  above  suppositions,  plasma 
leakage  from  the  trap  must  take  place  largely  through  the 
annular  magnetic  fissure  in  the  central  plane  of  the  sys¬ 
tem.  An  ideally  complete  picture  of  plasma  escape  could 
be  obtained  by  measuring  energy  losses  from  the  plasma 
into  the  walla  of  the  chamber  on  time  with  the  aid  of  in- 
6t.r!Jiment3  vrith  sufficient  time  and  space  resolution. 

This  Ideal  experiment  has  as  yot  not  been  carried  out,  but 
figure  10  does  show  the  distribution  of  the  number  of 


charged  particles  reaching  an  electrical  probe  as  it  de¬ 
pends  on  the  co-ordinate  (according  to  the  data  cf  Ameri¬ 
can  scientists  (reference  12),  while  figure  11  shows  the 
distribution  of  heat  currents  on  a  thermal  probe  for  two 
values  of  the  magnetic  field  obtained  at  one  of  the  instal¬ 
lations  of  the  Atomic  Energy  Institute  Imlni  I,  V,  Kur¬ 
chatov.  It  is  apparent  that  the  results  of  thermal  and 
electrical  meacuraments  ai*©  in  excellent  agreement,  ccn- 
flrmlng  the  supposition  that  energy  and  particle  losses 
take  place  along  the  central  plane,  Cf  course,  the  ther¬ 
mal  measurements  are  of  an  Integral  character;  on  the 
ether  hand,  control  measur’ements  with  electrical  probea 
placed  on  the  chamber  walls  confirmed  the  legitimacy  cf 
using  thermjal  probes  es  sensitive  to  characterize  plasma 
escape  from  tho  central  region. 

The  dependence  of  magnetic  fissure  width  on  field 
Intensity  is  represented  tn  figure  12.  The  problem  of 
whether  the  experimental  dependence  reflects  the  effect  of 
a  single  magnetic  field  or  whether  it  is  effected  by  other 
facsoi'S  as  well  remains  undecided. 


Vie  pass  on  now  tc  the  results  of  density  detemina- 
tione.  The  values  cf  plasma  density  In  the  central 
region  of  the  trap  depend  on  mngneclc  field  intensity,  iii- 
Jection  conditions,  and  trap  georaetrni'.  Table  2  contains 
a  comparison  of  figures  obtained  for  several  cases.  For 
the  sake  of  convenience  we  have  also  Included  numerical 
data  for  plasma  llfctlmera  in  the  same  Table. 

The  values  for  plasma  density  included  in  Table  2 
are  typicej  in  the  aenae  that  they  correspond  tc  working 
values  for  the  magnetic  field  and  injector  opereting  re- 
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giiuss.  Plasma  ciensity  in  the  trap  increases  with  growing 
reagnetlc  field  intensity  and  voltage  across  the  injector 
(reference  15). 

Let  us  note  that  the  values  n  cited  In  reference  8 
are  dubious  since  they  were  obtained  with  the  aid  of 
spectroscopic  methods  whose  precise  nature  is  described  in 
but  brief  and  vague  terms  by  the  authors. 

Such  are  the  basic  results  of  studies  on  magnetic 
traps  with  cuaped  fields. 

In  discussing  the  prospects  for  future  research  we 
aee  that  the  efforts  cf  the  experimenters  will  be  directed 
toward  obtaining  plasm  of  maximal  initial  density  and 
temperature.  On  the  one  hand,  this  will  require  the  per¬ 
fection  of  injectors,  and  on  the  other  the  alteration  of 
injection  geometry  and  the  geometry  of  the  trap  itself. 

How  succesafiil  these  efforts  vfill  be  depends  on  whether 
traps  of  this  type  can  compete  with  other  systems  and 
whether  the  solution  will  have  to  be  sought  in  terms  of 
some  sort  of  hybrid  systemj  the  answer  to  these  questions 
still  lies  in  the  future. 

The  authors  wish  to  express  their  gratitude  to 
L.  A.  Artsimovich,  I.  I.  Gurevich,  S.  M.  Osovets,  and 
0,  B.  Pli'sov,  with  vfhom  they  discussed  a  number  of  the 
problem.*!  touched  on  in  the  present  article. 
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Figures 


Figure  1.  Lines  of  force  of  magnetic  field  in  trap. 
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Jlgura  2.  ”I‘ast”  inisctlon  ot  plasma  Into  trap  Gentet, 
A  SL  Mioroeeccnds. 


Figure  3«  Depecdecoe  ot  plasma  dsnslty  on  time.  Dlsplaced- 
fleld  model* 


72 


Figure  4,  "Slow"  Infection  of  plasma  Into  trap  through  axial 
magnetic  fissure* 


Figure  5.  Dependence  of  plasma  density  on  time.  Model  of 
plaema  mixed  with  field. 
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Figure  6,  Ionic  uaturuiicn  currojit  at 
Current  in  injector  circuit 
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Figure  7,  rependence  of  r-las.:ja  llietiraa  ir.  trap  on 
field  intensloy; 

A  r=  mlcroBeoondfci } 

B  :::  i'llovclts; 

C  =  oersteds. 


Figure  8.  Flasira  glov  In  trap;  Pulsed  field  of  a3.CCO 
Etels;  Initial  deuterium  pressure  0.'^.  irir 
di^iiieter  cf  qurrt.^  tube  cxceedu  tnc  enuareni 
dlaiaeter  by  an.ut  a  factor  of  two. 
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figure  9*  Radial  dietribufcion  of  plasma  densities  in  various 
trap  lunlnosttles- 
A  =  Placma  dsnsity,  relative  units; 

B  =  Plane; 

C  s  Plane; 

B  a  Plane  of  magnetic  circuit; 

E  a  Centimeters; 

P  a  Oersteds. 
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figure  10#  Plow  to  side  wall  of  trap  in  region  of  magnetic 
fissure.  Dotted  line  indicates  course  of  H-  com¬ 
ponent  along  axis.  ^ 

A  a  centimeters:  B  a  oersteds. 


Figure  1 1  *  Bmieeloa  of  beat  onto  eide  wa].l  of  trap  is  region 
of  Magnetic  f5>seura  (a  at  H  *  235  oeretedaj 
b  at  H  ss  1000  oereteds}* 
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Figure  12*  Bependenoe  cf  v?ldth  cf  Magnetic  fleeure  on  field 
inteneity* 

A  s:  BilliKetero) 
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THE  FUTURE  OP  FAST  REACTORS 


following  is  a  translation  cf  an 
article  by  A.  I.  Leypunskiy,  0,  D,  Kaaa- 
chkovakiy,  and  M.  S.  Pinkhasik  in  Atomnaya 
Energlya  (Atomic  Energy),  volume  11,  #  4, 
October  19^1,  ppE.  3'rc-37B_j/ 


The  possibility  of  making  exhatietlve  use  cf  uranium 
for*  the  needs  of  nuclear  power  production  is  connected 
with  the  realiaation  of  cycles  of  expandcci  nuclear  fuel 
reproduct ten.  It  is  a  well  known  fact  that  this  cannot 

be  achieved  with  the  aid  of  t/ienr.a.1  or  iute mediate  re¬ 
actors,  The  reproduction  coefficient  in  such  systems 
for  a  olo.ted  ur’aniun-t-^u  :onlixm  cycle  turns  cur  to  be  less 
than  ona,  and  the  urenltun  atilleed  3n  the  optimum  case 
can  reach  only  seveisl  percent  of  the  total  quantity  of 
extracted  uranium.  Thus,  the  industrial  development  of 
nuclear  power  production  based  on  the  utilization  of 
themal.or  InteimediaCe  reactors  would  lead  to  the  rapid 
exhaustion  of  natursi  uranium  resources  and  could  not 
significantly  expand  existing  power  reserves.  A  differ¬ 
ent  state  of  affilrs  prevails  in  the  case  of  fast  reactor’s 
These  oar  be  used  to  attain  higii  values  for  the  reproduc¬ 
tion  coefficient,  considerably  in  excess  of  unltsfc(i,  5  .q  - 


The  use  of  fast  reactors  will  make  it  possible  to  solve 
the  pr»:)blem  of  exhaustive  utilization  of  all  uranium  ex¬ 
tracted,  thereby  satisfying  the  needs  of  man  for  energy 
for  a  very  long  time  Indeed. 

The  theoretical  possibility  of  obtaining  high  repro¬ 
duction  coefficients  In  fast  reactors  vifas  proved  several 
years  ago  (references  1,  2).  After  this,  the  basic 
attention  of  scientists  was  directed  toward  the  solution 
of  engineering  problems  whose  purpose  was  to .invest igate 
the  problems  involved  in  the  technical  r-ealizatlon  of  in¬ 
dustrial  fast  reactors  for  power-producing  purposes. 

The  characteristics  of  chain  reactlors  based  on  fast 
neutrons  differ  considerably  from  those  of  fission  chain 
reactions  involving  thermal  neutrons.  Inasmuch  as  the 
corresponding  fission  cross-sections  are  very  small  (app¬ 
roximately  200-300  times  smaller  than  those  for  thermal 
neutrons)  the  concentration  of  fissionable  material  com¬ 
posing  the  critical  mass  in  the  active  zone  of  a  fast 
reactor  must  be  much  greater  than  in  thermal  systems. 

For  the  sake  of  comparison,  in  Table  1  we  have  listed 
nuclear  fuel  concentrations  for  several  power-producing 
reactors  (reference  3), 

The  second  peculiarity  has  to  do  with  the  fact  that 
in  order  to  raise  the  reproduction  coefficient  in  the 
active  zone  of  fast  reactors,  it  is  expedient  to  make  use 
of  U-238  as  the  nuclear  fuel  solvent  due  to  its  i’elatively 
high  fast  neutron  absorption  effectiveness.  Precise  values 
for  Lhis  absorptive  efficiency  depend  on  the  neutron 
specti’um,  but  on  the  average  it  might  be  considered  that 
the  ratio  of  the  radiation  capture  cross-section  in  U-233 
to  the  plutonium  (or  U-235)  fission  cross-section  for 
fast  neutrons  is  appi'oximately  2O-3O  times  greater  than  in 
the  case  of  thermal  neutrons.  This  gives  rise  to  the 
necessity  for  using  either  a  fuel  mixture  consisting  of 
Pu  U-23B  with  a  high'  prutonium  content,  or  highly-en¬ 
riched  uranium.  Comparative  data  on  uranium  enrichment 
values  in  various  reactors  are  listed  in  Table  1  (referen¬ 
ce  3). 

In  themselves,  the  aforementioned  diffloul tiefs  do  not 
occasion  any  special  technical  difficulties  provided  we 
speak  of  the  creation  of  fast-neutron  systems  Jn  general 
(for  example  reactors  for  physical  or  engineering  research 
purposes) .  When  we  think  of  designing  industrial-  power- 
production  reactors,  however,  which  first  and  foremost 
Involve  problems  having  to  do  with  sufficiently  high  econ¬ 
omic  effectiveness,  the  peculiarities  of  fast-neution 
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chain  r-.'uction  give  rlea  to  certain  rather  complex  tech¬ 
nical  problema.  First  of  ail,  it  la  quite  apparent  that 
due  to  tne  high  concentration  of  nuclear  fuel  required  to 
reduce  the  relative  x*cle  of  capital  investments  having  to 
do  with  the  critical  mass,  we  shall  be  obliged  to  Inten¬ 
sify  heat  rerroval  and  to  increase  the  energy  Intensity  io 
the  active  zone.  This  of  necessity  requires  the  use  of 
llquld-raetal  coolants,  since  gasses,  for  example,  cannot 
assure  the  required  degree  of  heat  transfer,  while  water 
or  organic  fluids  are  useless  by  virtue  of  their  retarding 
properties.  The  creation  of  a  technology  for  the  use  of 
liquid-metals  as  heat  transfer  agents  on  an  industrial 
scale  is  one  of  the  more  important  problems  to  arise  in 
the  development  of  fast  reactors.  Apparontly  the  greatest 
promise  lies  in  the  use  of  a  sodium  heat  transfer  agent. 
Comparative  thermo-technical  data  for  several  power-pro¬ 
duction  reactors  are  listed  in  Table  1. 

The  last  line  of  Table  1  contains  values  for  the 
basic  quantity  which  characterizes  the  economic  benefit 
of  capital  Investments  for  nuclear  fuel  (specific  power). 

As  la  obvious  from  the  Table,  thermal  reactors  can  attain 
the  same  high  values  for  specific  power  as  thermal  reac¬ 
tors.  Design  possibilities,  generally  speaking,  make  it 
possible  to  obtain  evtn  higher  specific  power  values.  But 
from  the  accnomlc  point  of  view  this  is  already  inadvisable; 
further  increases  in  specific  power  result  in  increasing 
amounts  of  I'uel  left  after  removal  from  the  reactor  (prior 
to  chemical  reprocessing)  to  allow  for  the  lessening  of 
activity;  this  in  turn  has  an  adverse  effect  on  the  eco¬ 
nomic  indices  of  the  cycle.  The  quantity  of  residual 
fuel  increases  with  gi-cwing  specific  power  in  the  active 
zone.  Actually,  the  greater  the  energy  Intensity  in  a 
reactor  of  a  given  power,  the  smaller  its  size  and  the 
greater  the  necessary  fuel  enrichment  (due  to  increased 
neutron  leakage).  As  a  I’esult  of  a  given  maximum  deptn 
of  fuel  mixture  burnout,  the  amount  of  fuel  extracted  per 
unit  time  Increases.  The  effect  of  this  increase  for 
high  energy  intensities  predomina tea  ever  the  effect  of 
decreasing  critical  mass.  Typical  curves  of  the  depen¬ 
dence  of  the  quantity  of  nuclear  fuel  employed  in  the  fue] 
cycle  in  the  case  of  a  fast  reactor  for  an  atonic  electri¬ 
cal  power  station  presently  being  designed  on  the  energy 
Intensity  for  a  glveri  power  rating  of  750  megawatts  are 
shown  In  Figure  1. 

Cujr/e  M  shows  the  presence  of  an  optimum  point  lying 
in  the  region  of  relatively  large  dent  production  values. 

It  should  be  noted  that  the  magnitude  of  energy  intensity 
llkeirlse  effects  operating  costs,  since  the  quantity  of 
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nvcl^ar  f'ael  procesae  varies  with  changing  enrichment 
levels  (per  unit  cf  energ.'  produced),  correspondingly 
altering  expenses  for  che:Tiical  reprooesElng.  This  effect 
depends  on  the  coot  of  chemical  reprocessing  and  leads  to 
a  certain  decrease  lu  the  value  cf  the  economic  optimura 
point. 

Arothex’  technical  problem  has  to  Co  with  greater  fuel 
ocncontratlon  in  the  fuel  mixture  (greater  enrichment). 

Xn  OiXier  to  decrease  expenses  and  leases  in  the  chemlcai 
reprocessing  of  irradieted  fuel,  it  is  necessary  to  in¬ 
crease  the  degree  of  fuel  mixture  burnout.  For  purposes 
of  illustration.  Table  ?  indicates  the  dependence  on  the 
quantity  of  reprocesaeci  fuel  on  the  degree  of  fuel  mixture 
burnout  for  a  rnixture  containing  21. of  a  nuclear  fuel, 
and  the  cori'espondins  decrease  in  the  reproduction  coeffi¬ 
cient.  ’  The  magnltule  of  losses  for  each  reprocessing 
cycle  is  !:aken  to  be  2^. 

In  the  general  case  for  equal  degrees  cf  fuel  mixture 
burnout,  expenses  for  chemical  fuel  reprocessing  for  fast 
react© IS  must  be  greater  than  for  thermal  reactors  due  to 
a  high  degree  of  enrichment,  At  the  same  time,  fast 
reactoi-6  have  a  greater  pot€*ntial  for  attaining  a  higher 
degree  cf  burnout.  The  fact  of  the  matter  la  that  the 
time  of  operation  of  heat -producing  elements  in  fast  re¬ 
actors  is  determined  not  by  the  reactivity  losses  (as  is 
usually  the  case  in  thermal  reactors),  but  ly  the  mechani¬ 
cal  stability  of  theso  elements  in  the  radiation  field. 

XliC  creation  of  heat- producing  elements  designed  for  deep 
burnout  represents  y^.,-  another  important  task  in  the  dcvel 
opment  cf  economical  pcwer-produclng  fast  reactors. 

In  order  to  scl/e  tho  basic  technical  pTObiem  stand¬ 
ing  In  the  v;ay  of  the  indu.c trial  development  of  fast  re¬ 
actors,  the  Soviet  Union  hus  built  the  BR-5  engineering 
research  reactor  (references  1,  ^).  T.hla  sodium-cooled 
reactor  was  designed  for  a  maximum  heat- producing  capa¬ 
bility  cf  5000  kliowatta.  Its  fast  neutron  stream  has 
an  intensity  of  ,  Tiic  reactor  is 

designed  to  solve  a  irumber  of  problems,  the  most  importan; 
of  which  arc  listed  be3cw. 

1,  Tlie  complex  test  of  ccolii.g  systems  and  the  accu- 
raulacior  of  v’orking  experlfeucc  with  maloaotlve 
sodium  coclanto. 

2.  The  testing  cf  individual  i^s  and  prototypes  of 

heat -producing  elements  for  Industrial  i*eactor3  to 
attain  the  gi’catoat  degree  of  fuel  burnout 

under  condlt.^cos  close  to  those  encountered  In  In¬ 
due  trj». 

The  study  of  fast  reactor  kinetics  under  conditions 


3. 


of  high  energy  Intensl'cics, 

4,  The  performance  of  experiments  in  nuclear  physics 

and  studies  of  materials  under  conditions  of  Intense 

fast  neutron  strearis, 

Frc;m  its  vex^  inception,  the  BR-5  installation  was 
intended  to  toe  used  in  the  testing  of  power  equipment 
which,  obviously,  would  he  quite  remote  from  that  required 
in  actual  industrial  installations  with  regal'd  to  both 
size  and  power.  The  use  of  a  turbine  would  only  compli¬ 
cate  the  operation  without  yielding  any  useful  results j 
for  this  reason,  the  reactor  operates  without  producing 
electrical  energy  and  the  heat  produced  la  released  into 
a  stream  of  v;ater  and  the  surrounding  air. 

The  nuclear  fuel  used  in  the  reactor  cousiats  of 
plutonium  oxide,  whose  use  in  place  of  metallic  plutonium 
was  dictated  by  its  high  melting  point,  good  compatibility 
with  surrounding  structural  Riaterials,  and  as  was  deter¬ 
mined  by  preliminary  experiments,  its  stability  in.  the 
radiation  field.  The  plutonium  oxide  is  enclosed  in 
stainless  steel  tubes  arranged  in  heat-producing  aggregS'*- 
tes.  Blueprints  of  such  an  aggregate  and  heat -producing 
elements  are  shown  in  Figure  £.  The  active  zone  consists 
of  80  such  aggregates.  In  addition  to  this,  it  also  in¬ 
cludes  aggregates  v.lth  natural  uranium,  as  well  as  special 
containers  with  various  samples  to  be  irradiated  by 
neutrons.  As  is  known,  the  reactivity  of  a  reactor  with 
a  high  (such  as  the  BR-5  reactor)  can  be  significantly 
affected  even  by  relatively  small  changes  In  the  active 
zone  geometry  (within  the  limits  of  technical  tolerances 
and  temperature  expansion).  It  is  Important  to  bear  In 
mind  at  this  point  that  the  presence  of  a  heat-production 
gradient  along  the  reactor  radius  can  in  principle  give 
rise  to  undesirable  positive  components  in  the  power  re¬ 
activity  coefficient.  For  this  reason  the  design  for  the 
active  zone,  and  especially  of  the  system  of  plutonium 
tube  reinforcement  in  the  heat-producing  aggregates  and 
aggregates  within  the  lattice  incorporated  necessary 
features  to  improve  the  stability  of  the  system.  The 
active  zone  has  the  apprcxlmata  form  of  a  cylinder  with 
a  diameter  and  height  .f  about  280  millimeters  placed 
vflthln  a  thlck-vralled  -entral  cube  made  of  stainless  steel. 
The  stream  of  sodium  coolant  passes  through  the  tube. 

Since  the  reactor  is  not  Intended  for  prectical  re¬ 
production  of  nuclear  fuel,  the  use  of  uranium  (either 
natural  or  lirpoverished)  in  the  reflector  is  not  manda¬ 
tory.  The  use  of  uranium  at  this  point,  moreover,  would 
lead  to  increases  In  the  intensive  heat -production  region 
and  the  appearance  of  certain  technical  difficulties  with 
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rcgari  to  reflector  cooling.  For  this  reason,  the  re¬ 
flector  was  made  of  nickel  which  has  a  high  albedo  for 
fast  neutrons  and  good  heat  conducting  properties.  Maxi¬ 
mum  heat-production  in  the  reflector  equals  220  kilowatts. 
The  removal  of  this  heat  is  realized  by  means  of  pumped 
air. 

The  regulation  of  this  reactor  is  based  on  the  prin¬ 
ciple  of  varying  the  system  reactivity  by  shifting  the 
internal  nickel  reflector  layers.  To  reduce  reactivity, 
the  movable  portion  of  the  reflector  is  lowered.  Vfiien 
the  reactor  must  be  shut  off  quickly,  the  circuit  which 
feeds  special  retainer-electromagnets  is  broken  and  the 
internal  reflecto^r  is  lowered  by  the  force  of  its  own 
weight.  A  longitudinal  cross-secticn  of  the  reactor  is 
shown  in  Figure  3  (see  attached  plate). 

The  system  for  removing  heat  from  the  active  zone  is 
composed  of  several  circuits  and  2  loops  (figure  4).  It 
was  designed  with  due  regard  for  the  necessity  of  obtain¬ 
ing  the  most  varied  possible  practical  experience  with 
llQuid  metal  coolants.  The  sodium  in  the  first  coolant 
circuit,  upon  emerging  from  the  central  pipe,  branches 
off  into  2  similar  streams  flowing  along  identical  loops. 
Each  loop  Includes  a  heat  exchanger  for  conveying  heat 
into  the  second  circuit  and  a  circulation  pump.  The 
first  circuit  is  supplied  with  plug  valves  which  make  it 
possible  to  remove  the  heat  from  each  of  the  loops  sepa¬ 
rately.  The  maximum  flow  rate  of  sodium  in  the  active 
zone  is  5  meters/second,  and  its  temperature  upon  emer¬ 
gence  from  the  active  zone  is  <^500  degrees  C.  Tne 
coolant  in  the  second  circuit  consists  of  a  eutectic  alloy 
of  sodium  and  calcium  with  a  melting  point  of  minus  12 
degrees  C.  Both  circuits  are  supplied  with  cold  traps 
for  oxide  removal.  Tne  rate  of  coolant  consumption  in 
each  circuit  equals  250  cubic  meters/hour.  The  total 
amount  of  liquid  metal  in  the  system  Is  5  cubic  meters. 

Heat  is  removed  from  the  loops  in  the  second  cir¬ 
cuit  by  2  methods.  One  of  the  loops  has  an  air  heat 
exchanger  in  which  the  heat  is  removed  by  a  stream  of 
atmospheric  air  pumped  in  by  a  ventilator.  The  other 
loop  contains  a  steam  generator.  The  resulting  steam  is 
used  either  for  technical  purposes  or  is  condensed  in  a 
continued -3 -flow  refrigerator.  The  cooling  system  llke- 

v/lse  incorporates  features  v;hich  make  It  possible  to 
remove  heat  whenever  It  la  necessary  to  stop  the  reactor. 
Residual  heat  may  be  removed  from  the  active  zone  and 
trensferred  to  the  air  with  the  aid  of  natural  convection 
even  with  all  electricity  to  the  reactor  shut  off. 

Physical  test  rune  on  the  reactor  without  any  coolant 
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were  carx'ied  out  in  ti  .5  sumnior  of  XS>58.  January  1959  ; 

narked  the  attainment  of  the  critical  state  in  the  eodium-j 
filled  ayatem.  After  this,  a  period  of  adjustment  and  ! 
improvement  of  Individual  circuits  continued  for  several  j 
months,  so  that  by  the  summer  of  1959  it  was  possible  to  ! 
initiate  work  with  the'  reactor  according  to  original  de¬ 
sign  perimeters;  this  work  is  presently  continuing.  The 
Installation  turned  out  to.  bet  extremely  stable  and  con¬ 
venient  in  exploitation,  Wei  should  note  the  reliable 
operation  of  the  equipment  which  in  most  cases  was  not  of  ' 
the  standard  type  and  had  to  be  apecially  produced  for  the 
given  system.  The  reactor  operated  in  various  regimes  in 
accordance  with  experimental  needs.  Maximum  power  output 
(5000  kilowatts)  or  output  values  quite  close  to  this 
Hgure  was  maintained  throughout  a  large  portion  of  the 
operating  time.  The  total  operating  time  of  the  reactor 
at  this  power  level  amounted  to  over  of  the  time  last  ; 
year. 

The  operation  of  the  reactor  has  yielded  Important 
results  contributing  toward  the  solution  of  the  problems 
posed.  V/e  have  now  to  a  considerable  extent  mastered 
the  techniques  of  working  with  a  radioactive  scdiiua  cool¬ 
ant.  It  turns  out  that  sodium  by  virtue  of  its  opera¬ 
ting  properties  is  a  perfectly  acceptable  heat  transfer  1 
agent.  For  example,  it  is  in  many  respects  superior  to 
water  since  it  creates  no  difficulties  having  to  do  with 
corrosive  effects,  nor  dees  it  require  high  pi*e08ure8. 

Tns  convenience  of  using  sodium  also  makes  itself  felt  in  i 
replacing  equipment  in  the  cooling  system.  Such  replace- 
iiients  can  be  safely  c2*rricd  out  without  draining  the  oir-  ■ 
CJit  simply  by  freeslng  the  sodium  in  the  reqiiired  sections 
of  piping.  In  this  respect,  sodium  likewise  is  superior 
to.  the  Ha-K  alloy.  The  use  of  cold  traps  assures  the 
lowering  of  oxide  concentration  in  the  coolant  down  to  the> 
required  value  of  ^  I 

Work  with  the  reactor  has  demonstrated  that  the  heat- 
producing  element  design  employed  is  quite  reliable. 

Suffice  it  to  say  that  by  June  1961,  the  reactor  attained 
a  maximum  degree  of  fuel  burtiup  in  excess  of  4^.  The 
magnitude  of  the  integral  fast-neutron  stream  which  ir¬ 
radiated  the  heat-producing  elements  exceeded 
neutrona/square  centimeter.  Moreover,  thia  was  not 
accompanied  by  any  signs  of  the  presence  of  plutonium  in 
the  sodium,  oonfixmiing  the  sufficient  mechanical  strength  ' 
of  the  heat-producing  elements.  The  resulting  operating  | 
data  confirmed  the  expediency  of  using  a  ceramic  nuclear 
fuel.  At  burnout  levele  on  the  order  of  those  atteined, 
the  relative  quantity  of  prooeaaed  nuclear  fuel  for  fast 


i>eactors  is  comproble  with  the  corresponding  quantity 
employed  in  thermal  reactors.  At  the  same^  time,  the 
total  volume  of  chemically  reprocessed  fuel  is  decreased 
considerably  (by  lowering  the  quantity  of  U-238  to  be  re¬ 
processed.  Apparently  for  this  reason,  the  use  of  a 
ceramic  fuel  is  more  profitable  as  compared  to  a  metallic 
fuel,  despite  some  lowering  of  the  reproduction  coeffi¬ 
cient  (due  to  retardation  by  oxygen  nuclei)  and  increased 
enrichment  (due  to  lower  uranium  nuclear  density). 

Tests  were  carried  out  on  the  stability  of  reactor 
operation,  which  confirmed  the  results  of  preliminary 
calculations.  The  static  power  coefficient  of  reactivity 
was  measured  experimentally  and  turned  out  to  be  negative 
with  a  magnitude  on  the  order  of  (with  respect 

to  sodium  temperature  at  the  outlet).  Studies  in  transi¬ 
tion  regimes  showed  the  absence  of  positive  components 
with  very  short  periods  In  the  dynamic  power  coefficient 
of  reactivity  of  the  reactor.  The  temperature  coeffi¬ 
cient  of  reactivity  with  respect  to  the  sodium  temperature 
at  the  intake  also  turned  out  to  be  negative  i 
AS  is  known,  the  temperature  coefficient  of  reactivity  by 
itself  does  not  have  a  very  significant  effect  on  the 
stability  of  reactor  operation,  inasmuch  as  this  coeffi¬ 
cient  involves  a  rather  large  lag  corresponding  to  the 
period  of  the  coolant  circulation  cycle.  In  the  case  of 
the  BR-5  reactor,  this  period  equals  approximately  30  sec¬ 
onds. 

Throughout  the  entire  time  of  reactor  operation, 
there  was  not  a  single  instance  of  anyone  receiving  an 
overdose  of  radiation  despite  the  fact  that  maintenance 
work  had  to  be  performed  both  in  the  active  zone  and  in 
the  primary  contour  containing  radioactive  sodium.  There- 
are  no  signs  of  radioactive  contamination  in  any  portion 
of  the  area  which  houses  the  reactor,  which  is  fully  acces¬ 
sible  to  personnel. 

Following  over  two  years  of  work  with  the  BR-5  reac¬ 
tor  and  the  achievement  of  positive  results  in  the  solu¬ 
tion  of  basic  technological  problems  Involved  in  the  crea¬ 
tion  of  power-producing  fast  reactors,  ever  greater  im¬ 
portance  is  assumed  by  the  economic  problems  of  such 
systems.  It  is  quite  obvious  that  in  order  to  compile 
a  concrete  program  for  the  industrial  construction  of  fast 
reactors  it  Is  necessary  to  have  data  about  their  economic 
effectiveness.  We  have  to  be  able  to  compare  the  econo¬ 
mic  Indices  of  atomic  electrical  power  stations  employing 
fast  reactors  with  those  of  other  atomic  stations,  as  well 
as  electrical  power  stations  of  the  standard  type.  Such 
comparisons  must  be  carried  out  both  for  the  near  future 
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and  for  more  extended  periods,  taking  into  account  increa¬ 
sed  needs  for  pov.er,  changes  in  available  fuel  resources, 
and  the  emergence  oi"*  various  new  ways  for  improving  the 
technical-economic  Indices  of  atomic  electrical  power 
stations . 

Unfortunately,  the  determination  of  the  economic 
indices  for  the  functioning  of  future  Industrial  atonitc 
electrical  power  stations  with  sufficient  accuracy  is  as 
yet  an  extremely  difficult  task.  First  of  all,  the  metin- 
ods  of  determining  these  Indices  have  net  as  yei  received 
sufficient  elaboration.  For  example,  we  are  not  as  yet 
completely  clear  on  such  points  as  now  to  properly  calcu¬ 
late  the  costs  of  nuclear  fuel  employed  in  the  fuel  cycle, 
the  price  of  the  secor.dary  nuclear  fuel,  etc.  Thece 
questions  will  apparently  be  investigated  through  the 
joint  efforts  of  economists  and  specialists  in  the  field 
of  nuclear  power  production.  The  greatest  difficulty,  how¬ 
ever,  is  the  lack  of  ne-cessarv  e^epe rlcnce  v.hlch  would  make 
it  possible  to  d<--t€r,riirie  the  cost  of  ccnstitic  ting  and  op¬ 
erating  typical  industrial  atomic  slectrioal  power  station 
The  only  way  to  overcome  this  difficulty  is  to  ni-eate  ex¬ 
perimental  industrial  Installations  of  various  types.  As 
is  known,  it  is  precisely  this  principle  that  lies  at  the 
basis  of  the  Soviet  program  on  nuclear  power  production 
today.  A  plan  for  the  development  oi’  industrial  fast  re¬ 
actors  of  varying  output  and  design  has  already  been  v;or- 


ked  out  in  accordance  with  this  program. 

The  cccnomlos  of  atomic  electrical  power  stations 
with  such  reactors  depends  considerably  on  the  power  out¬ 
put  of  the  entire  station.  Tiiifc  deptndonce  Is  aictated 
.not  only  by  the  usual  effects  of  size  cn  relative  ca^/ital 
investments  and  operating  costs,  but  likewise  by  certain 
additional  factors  stemming  from  peculiarities  and  physi¬ 
cal  properties  of  fast  reactors.  As  is  known,  as  the 
size  of  any  reactor  Increases,  the  relative  quantity  of 
neutrons  escaping  from  the  active  zone  decreases,  at.d  con¬ 
sequently,  the  extent  of  necessary  fuel  enrichm.ent  In  the 
active  zone  likewise  dix;ps  off.  In  the  case  of  industr¬ 
ial  power -producing  thermal  reactors,  however,  the  effect 
of  neutron  leakage  is  small  and  can  be  neglected  in  prac¬ 
tice.  On  the  other  hand,  in  the  case  of  fast  reactoi-s, 
even  of  the  largest  size,  the  effect  of  neutron  leakage 
and  its  variation  with  differences  in  reactor  size  turn 
out  to  be  quite  significant.  For  this  reason,  as  the 
power  output  (or  size)  of  a  fast  reactor  increases,  the 
ccncentraticn  of  nuclear  fuel  is  reduced  significantly . 
Ttila  results  in  a  considerable  lmproverr.ent  in  such  econo¬ 
mically  Important  chai’ac  tori  sties  as  cpeciflc  power  (mak- 
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Ing  posaible  an  ad^iltional  i*eductlon  of  capital  Irivest- 
roeato)  and  extent  or  fuel  burnout  (lowering  chemical 
reprocessing  costs).  Rough  values  of  fast  reactor  in¬ 
dices  employing  a  ceramic  nuclear  fuel  will  be  found  in 
Table  3  below. 

It  should  be  noted  that  an  even  greater  decrease  in 
nuclear  fuel  concentration  within  the  active  zone  can  be 
attained  by  using  inert  solvents  In  place  of  U-233  (re¬ 
ference  5) .  Some  reliance  on  the  use  of  inert  solvents 
will  only  be  possible,  however,  when  we  can  successfully 
prove  that  this  will  not  lead  to  inordinately  large 
losses  in  the  reproduction  coefficient.  As  a  whole,  it 
might  be  said  that  the  economic  effectiveness  of  atomic 
electrical  power  stations  with  fast  reactors  will  increa¬ 
se  more  rapidly  as  reactor  power  Increases  than  will 
that  cf  electrical  power  stations  with  thermal  reactors 
and  standard  thermal  stations. 

The  possibility  of  creating  economically  profitable 
atomic  electrical  power  stations  based  on  fast  reactors 
is  being  successf-aily  confirmed  by  the  work  of  the  BR-5 
reactor.  It  is  exceedingly  importent  to  note  the  feet 
that  the  BR-5  reactor  was  successful  in  attaining  and 
reliably  maintaining  basic  technological  indices  which 
are  close  to  those  of  a  typical  power- pro duo ing  reactor. 
For  the  sake  of  comparison,  we  have  listed  below  some  of 
the  more  important  perameters  of  the  BR-5  reactor  and  an 
atomic  electrical  power  station  with  a  fast  reactor  with 
a  thermal  power  of  750  megawatts: 

BR-5  750-megawat 


reactor 

Energy  intensity,  klicwatts/llter. 360  600 

Beat  transfer  agent  temperature  at 

reactor  outlet,  500  550 

Depth  of  fuel  burnout,^..,,..,...... .  >4  —5 


Following  the  construction  of  a  semi-industrial  or  Indus¬ 
trial  power-producing  fast  reactor  and  the  accumulation 
of  sufficient  operating  experience,  we  shall  be  able  to 
determine  the  necessary  economic  data  for  the  compilation 
of  the  concrete  program  for  the  future  and  the  clarifica¬ 
tion  of  the  place  to  be  assumed  by  fast  reactors  in  the 
total  program  of  nuclear  power  production  development. 

It  is  already  possible,  however,  to  cite  a  number  of 
serious  qualitative  arguments  in  favor  of  fast  reactors. 
These  arguments  render  quite  plain  the  important  role  and 
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eccnomi:;  proraise  of  ■  systems . 

Fij’st  of  allf  it  is  necessary’  to  note  that  data  con¬ 
cerning  the  depletion  of  standard  power  resources  and 
growing  power  needs  for  tne  future  leave  no  doubt  as  cc 
the  role  of  nuclear  pov;er  production  in  the  Industrias  of 
the  future.  Primary  reiiance  wllj  be  placed  on  nuclear 
fission  techniques,,  inarniuch  as  studies  in  the  field  oi‘ 
power  production  by  nuclear  fusion  have  not  emerged  from 
the  stage  of  laboratory  experimentation  (thus  rendering 
any  predictions  along  this  line  pi'emature). 

Of  all  the  reactors  being  developed  at  the  present 
time,  fast  reactors  have  the  advantage  of  a  large  reprtj- 
duction  coefficient.  This  advantage  is  decisive  if  the 
fuel  we  intend  to  employ  is  uianium.  The  question  of  the 
bast  type  of  reactor  using  thorium  is  as  yet  unsolved, 
even  though  here  too  fast  reactors  have  definite  advanta¬ 
ges.  And  so,  fast  reactors  are  the  only  type  of  system 
which  penult  the  exhaustive  utilisation  of  available 
uranium  for  power-producing  needs.  Per  this  reason,  the 
expediency  of  designing  such  reactors  is  beyond  dispute. 

The  economic  advantage  of  fast  reactors  is  based  or 
a  numoor  of  factors.  First  of  all,  their  large  reproduc¬ 
tion  coefficient  tends  to  effect  a  considerable  lowering 
of  the  fuel  component  in  total  power  producing  costs.  On 
the  other  hand,  it  Is  of  course  necessary  in  calculating 
the  fuel  component  to  take  into  account  expenses  incuri*ed 
throughout  the  fuel  cycle.  A  considerable  portion  of 
the  fuel  component  nicy  consist  of  expenses  for  the  chemi¬ 
cal  repi“cce38lng  of  fuej  material  from  the  active  zone  and 
reflector. 

The  chemical  reprocessing  of  an  irradiated  fuel  re¬ 
moved  from  a  fast  reactor  can  be  carried  out  by  standard 
hydrochemical  techniques.  The  best  possibilities  in  this 
case  emerge,  however,  when  we  consider  the  use  of  new  and 
more  advanced  methods  of  chemical  reprocessing  not  invol¬ 
ving  the  use  of  water  and  water  solutions:  pyrochemlstry, 
electrochemistry,  etc.  These  methods  are  particiilarly 
advantageous  when  applied  to  fast  reactor  fuels,  since, 
in  the  first  place,  the  relatively  sma.l!  amounts  of  mat¬ 
erial  to  be  I'eprocessed  afford  a  greater  possibility  for 
designing  simple  and  compact  tech'”5, cal  Installations  and 
secondly,  because  there  is  a  considerable  increase  In  the 
pennlssable  quantities  of  slma’ltav.eously  reprocessed 
material  (due  to  the  absence  of  a  hydrogen  retarding  agent) 

It  is  notewox’thy  chat  the  application  of  such  methods 
as  pyrocheinlstry  and  electrochemistry  will  make  it  possible 
to  curtail  considerably  the  time  taken  up  by  the  cooling  of 
Che  fuel  and  the  dropoff  in  Its  activity.  This  will  lead 


to  a  3herp  reduction*  n  toe  total  amount  of  tuel  employed 
in  the  cycle  and  &  concomitant  reduction  In  costs.  App¬ 
roximate  data  on  the  resistive  quantity  of  fuel  employed 
in  the  fuel  cycle  of  an  atomic  electrical  pov;er  station 
with  a  fast  reactor  (for  various  reprocessing  methods)  are 
given  below 

Kydroohemistry  Pyro- 

(electro-) 

chemistry 


Quantity  of  fuel  in  r©aotor,5^. . . • .  100  100 

Quantity  of  fuel  retained  prior  to 

chemical  reprocessing, jSs 100  20 

Total  quantity  of  fuel  in  oyole,^*,  100  55 


The  cost  of  preparing  heat-producing  elements  like¬ 
wise  enters  Into  the  fuel  component.  In  the  case  of  fast 
reactors,  due  to  the  possibility  they  afford  of  attaining 
deep  fuel  oumout  as  determined  by  the  fast-neutron  chain 
reaction,  the  quantity  of  heat-producing  elements  necess¬ 
ary  l9  not  great  with  relation  to  the  energy  produced. 
Consequently,  the  manufacturing  cost  in  the  fuel  component 
will  likewise  be  rather  small.  In  addition  to  this,  fast 
reactors  require  less  uranium.  The  rate  of  new  nuclear 
fuel  accumulation  in  an  atomic  electrical  power  station 
with  a  fast  reactor,  particularly  when  new  methods  of 
chemical  reprocessing  <;re  employed,  turns  out  to  be  extre¬ 
mely  high,  reaching  Vi'l'ues  on  the  order  of  12-155^ 
year.  Consequently,  the  fuel  needs  of  fast  reactors  will 
depend  largely  on  the  initial  quantity  of  U-235  or  Pu-239 
provided.  Waste  uranium  can  be  employed  as  the  nuclear 
raw  material  employed  in  the  reflector  as  well  as  in  the 
active  zone. 

The  entire  concrete  program,  scale,  and  schedule  for 
the  construction  of  fast  power-producing  reactors,  as  well 
as  their  economic  Indices  for  the  near  future  will  be  det¬ 
ermined  after  work  has  been  co-mpleted  on  a  number  of  ex¬ 
perimental  Installations.  Even  today,  however,  we  can 
speak  of  tne  promise  such  systems  hold  for  us. 

Received  17  July,  19ol 
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Figure  1*  Dependence  of  the  amoimt  of  fuel  in  a  eyola  on 

Che  energy  Intensity  In  the  active  zone  of  a  fast 
reactors  M  —  total  amount  of  fuel;  nu  — •  amount 
of  fuel  In  reaotor;  m  —  amount  of  fuel  outelde 
reactor* 


±  =:_Bnergy,  intensity*  kllovetts/llter 


A. 


A  rr  ReprocesBlng  and  reproduction  of  fuels  for  fast  reactors; 
B  ss  Depth  of  fuel  mlature  hurnout,  $\  g 
0  a  Quantity  of  reprocessed  fuel  per  10  kilowatt-hours  of 
electrical  power,  kilograms; 

D  a  Seduction  of  reproduction  coefficient . 
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^Pl«ur«  3*  rBlut^printl  Longltudiiial  crosa-eeotlon  of  BE-5 
I  “  raaotor. 

1  —  Belo&ding  meohanis^l 

2  —  Ooai‘.rol  and  shielding  system  motors  i 

3  —  Vertioft.1  eaqpsrlmental  ohanaelsi 
4—  Conorete  shielding j 

i5  —  Compensating  oylindorj 
\6  —  fheriaal  ooluam  gate  valve  j 
■7  —  Tbeivnal  ooluami 
;8  ««  Movable  screen? 

•9  —  Lower  reactor  box? 

jtO  —  Devices  for  remote  reloading  of  samples  in  loop  ohannelj 

111  «-  Heat  transfer  agent  supply  malni 

112  —  Beaotor  jaoketj 

'13  —  Water  shielding  tank? 
j4  Central  loop  ehaiinel} 

jl5  —  Autcmatic  reg'Jiation  system  oontrol  shaft? 
ii6  —  Heutroa  beam  channel  gate  valve; 

\7  «  Stationary  nickel  ohaanel; 

,18  —  Aotlve  zone; 

'19  —  Cast  iron  shielding; 

20  —  Main  reaotor  tube; 

21  Main  eoaorete  shielding; 

:22  —  Eotatlng  plugs  In  heat-produoing  assembly  reloading 
system; 

i23  —  Heat  transfer  agent  in  main  tube; 

'24  —  Protective  plug. 
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Fl|°;ure  4.  Diagram  of  BR-5  installation: 

1  —  Reaccor; 

2  Main  circulatory  pump; 

5  —  Intormedlate  heat  exobanger; 

4  ..  Second-level  circulatory  pump; 

5  —  Air  heat  exchanger; 

6  —  Staam  generator; 

7  —  Plrst-contour  cold  oxide  trap; 

8  --  Cxlde  Indicator; 

9  —  Second-contour  cold  oxide  tran; 

10  —  Second-contour  oxide  indicator; 

11  —  Filtration  system  recuperator; 

12  —  Dlstalllatlon  pump; 

13  —  Tank  for  radioactive  sodium; 

14  Tank  for  Na-K  alloy; 

15  —  Central  loop  ohannel; 

16  —  Olrculaticn  piuaps  of  the  loop-channel  system; 

17  —  Cold  trap  and  oxide  indicator  of  loop-channel  system; 
13  —  Dauthermal  vaporizer; 

19  —  Dauthermal  vapor  condenser; 

20  —  Cooling  system  for  regulatory  operating  mechanisms  of 

system  and  shielding; 

21  —  '/fater  shleodlng  tank  cooling  system; 

22  —  Preliminary  reactor  heating  system. 
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A,  ss  TDeperdeacc-  of  fast,-r6;aotor  charaoteris  tlcf*  oa  their 
thormal  power; 

B  =  Thermal  power,  rnggavratts; 

0  =•  Sarichmert,  'i: 

D  =;  Specific  pcwax*,  kilovatts/kilo&raas 

B  =  Quantity  of  roprooessed  nuclear  fuel  (U-235)»  kiloisramg/ 
10^  kilowatt-hcurs. 
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SOME  RESULTS  AilD  PERSPECTIVES  OF  ISOTOPE 
AND  NUCIEAP  RADIATION  USE  IN  INDUSTRY 
AND  RESEARCH  IN  THE  USSR 
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Ti'iC  achievements  of  nuclear  physics  are  gaining  e\'er 
ivicler  use  in  the  most  diverse  fields  of  science  and  tech* 
noiogy.  At  the  present  time  it  is  difficult  to  list  even 
the  most  important  r-ecults  obtained  througn  the  use  of 
these  achlevenienta .  One  final  result  of  the  work  of 
Soviet  scientists  and  engineers  l.n  this  area  has  been  the 
creation  of  a  new  branch  of  science- -applied  nuclear 
physics  which  is  I:es-^d  on  such  studies  as  the  use  of 
stable  and  radioactive  isotopes,  nuclear  radlatiot;s  in 
industry  and  sclantiftc  research,  the  utilization  cf 
atomic  reactoi's  and  accelerators  of  ah.trged  nucieax'  pai‘tl- 
cies  in  research  work  as  well  as  In  tne  study  of  the 
effects  of  ionising  radiation  on  the  propevtlas  of  mater¬ 
ials  and  technological  processes.  The  present  article 
describes  only  some  of  the  I’esults  of  using  isotopes  and 
nuclear  radiations  In  scientific  studies  a.id  industry. 

The  methcd  of  "marked  atcrra"  based  on  the  use  of 
stable  and  radloactivs  Isotopes  has  gained  wide  acceptance 
in  physical,  chemical,  geological  and  other  studies. 

Tnis  technique  makes  it  possible  x'cr  scientists  to. obtain 
certain  important  results  faster  ord  with  greater  aecui’scy 
than  do  othei’  meti;od8;  in  addition  it  is  frequently  used 
in  cases  where  other  techniques  cannot  be  employed.  With 
the  aid  cf  radioactive  Isotopes,  it  is  possible  to  study 
the  kinetics  of  many  rapid  px*ocesses,  something  vuhich 
cannot  be  done  by  any  other  means. 

The  main  distinguishing  characteristic  of  methods 
based  on  the  use  of  radioactive  and  stable  isotopes  as 
indicators  is  their  high  sensitivity  and  usefulness  in  the 


100 


iavest igatiop.  of  extremely  quantities  of  material. 

Thus,  for  exarnple,,  with  the  aid  of  radioactive  isotopes 
it  is  possib.le  to  determine  the  percentage  concentration 
of  phoapherous,  cobalt,  and  other  elernent  adinlxtui*cs  with 
an  a  ecu  racy  of  about 

Isotopic  technlquer.  likewise  make  it  posBlbj.e  to 
study  the  character  of  adtnlxcure  distribution  in  various 
materials,  conditions  operative  in  the  attainment  of  a 
state  of  eqallibrluR!  among  aiemeuts  in  various  phases, 
the  moollity  of  acorns  in  liquid  and  solid  bodies,  to 
maintain  control  ovor  the  state  of  individual  links  in 
irietallurgicai  aggregates,  to  study  the  behavior  of  various 
materials  in  technological  processes,  etc. 

Scientists  and  industrial  wox’kers  must  strive  to 
detei’mine  the  most  effect  trends  for  the  further  extension 
of  the  practical  applicatloas  of  nuclear  physics.  New 
methods  and  principles  for  studying,  controlling,  and 
intensifying  technological  processes  based  on  tne  use  of 
isotopes  and  nuclear  radiation  are  being  developed  and 
employed,  as  a  rule,  with  the  moe;  timely  and  complex 
scientific-technical  problems  In  mind, 

Tne  wide  us  of  nuclear  physics  methods  in  yoviet 
indust rv'  began  in  the  19^0* s.  At  the  present  time  num¬ 
erous  enterprises  and  scientific  research  institutes  have 
created  dozens  of  radiometric  laboratories  ooncemed  with 
fundamental  studies ,  the  elaboration  of  methodological 
problems,  and  research  on  the  control  and  impi'ovement  cf 
technological  processes.  Radioactive  isotopes  were  first 
employed  under  industrial  conditions  at  the  Kovaya  Tula 
Metallurgical  Plant  and  the  Kuznetsk  Metallurgical  Com¬ 
bine.  At  the  present  time,  isotopes  are  being  used  suc- 
cesfully  at  such  major  Soviet  enterprises  as  the  Kuznetsk 
and  Magnitogorsk  Metallurgical  Combine,  the  "Azovetal-", 
imlni  F.  S.  Dzerzhlnskly ,  Stalinakly,  Mekeyevskly,  and 
imlni  Il’yich  Metallurgical  Plants,  the  "Yuzhuralnikel ’ " 
Combine,  the  Volkhov  Aluminum  Plant,  the  Krj voy  Rog  Yu- 
zhnyy  Ore  Enrichment  Combine  (YuGOK) ,  etc.,  etc. 

At  the  present  time,  the  following  major  trends  in 
the  use  of  isotopes  and  nuclear  radiations  have  become 
prominent  in  science  and  industry: 

1)  Scientific  and  technological  studies  for  the 
deeper  Investigation  of  the  pix^perties  of  mat¬ 
erials,  the  discovery  of  the  mechanisms  Invol¬ 
ved  In  various  physico-chemical  processes,  the 
analysis  of  admixture  content  in  pure  and  extra- 
pure  materials,  the  study  of  atomic  displacement 
processes,  the  structure  of  matter,  etc.; 

2)  Geophysical  ;,?tudies  la  petroleum,  gas,  coal,  and 
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mlaei'al  ore  prospecting  and  extraction; 

3)  Conti-ol,  regulation,  slgnalization,  automation, 
and  mechanization  of  technological  processes; 

4)  The  creation  of  new  industrial  processes  (poly¬ 
merization,  sulfochlorination,  oxidation, 
materials  sterilization,,  electrostatic  charge 
removal,  etc.),  initiated  or  intensified  by 
radiation; 

5)  Defectoscopy  without  the  deatiniction  of  manu¬ 
factured  articles. 

Let  us  examine  the  basic  results  of  certain  studies 
carried  out  in  this  field. 

1.  Prospecting,  Surveying,  and 
Explo i t a  tlon*b f  t^se fSii  Ores 


Methods  and  instruments  based  on  the  use  of  radio¬ 
active  Isotopes  and  nuclear  radiation  are  employed  in 
prospecting,  surveying,  and  extracting  petroleum,  gas, 
coal,  and  minerals.  Geological  organizations  under 
various  sovriarkhozes  (Councils  of  the  National  Economy) 
engaged  In  the  surveying  and  exploitation  of  petroleum 
and  gas  deposits  through  the  direct  application  of  these 
methods  have  investigated  millions  of  linear  meters  of 
both  prospecting  and  exploitative  bore  holes. 

In  such  instances,  nuclear  radiation  and  isotopes 
ai’e  employed  for  the  study  of  geological  ooi'e  cross-sec¬ 
tions  and  control  over  their  technical  state,  as  vrell  as 
the  study  and  contix)!  of  various  processes  connected  with 
the  development  of  petroleum  and  gas  deposits.  Recently, 
the  method  of  radiometide  surveying  has  come  Into  its  own 
in  the  search  for  petroleum  and  gas  deposits. 

The  method  of  t’-cai*otage  consisting  in  the  measure¬ 
ment  of  '(•ray  intensity  of  various  minerals  within  the 
bore  hole  is  employed,  as  a  rule,  to  gain  a  more  precise 
lithological  picture  of  the  region.  An  important  ad¬ 
vantage  of  this  method,  as  of  other  radiometric  techni¬ 
ques,  ever  other  geophysical  methods  is  the  possibility 
of  carrying  out  me&sui^ments  in  bore  holes  reinforced  by 
metallic  tubing.  This  has  made  it  possible  in  several 
areas  to  obtain  new  and  Important  data  cn  the  geological 
structure  of  old  bores  completed  prior  to  the  advent  of 
geophysical  surveying  methods,  or  to  obtain  the  same  data 
for  bore  holes  lacking  in  geological  documentation.  T  - 
carotage  diagrams  are  successfully  employed  In  determin¬ 
ing  strata  to  be  tested  for  petroleum  end  gas  content. 

The  result  of  such  efforts  in  Azerbaydzhan  and  the  Western. 
Ukraine  has  been  the  renetyed  exploitation  of  hundreds  of 
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abaaoLi;.'. .e-a  boi’e  weiis  which  have-  cince  :-ieided  several 
hundred  thousand  tons  A'  oil. 

The  method  o:'  neutron  Y-carotage  based  on  the  regis¬ 
tering  of  the  results  of  interactions  between,  neutrons 
arid  atoms  composing  a  given  mineral  statum,  Just  as  the 
method  cf  Y~carotage,  Is  usually  employed  in  bores  dug 
for  the  Du.rpose  of  finding  petroleum  or  gas.  In  oombina- 
tlcn  with  other  geophysical  methods  (electrometry,  Y'~ 
ca.ro tage  and  cavernograimnv ) ,  it  affords  a  considerable 
l.mprovement  in  the  reliability  of  the  interpretation  of 
diagrams  both  in  the  demarcation  cf  premising  strata  con¬ 
taining  petrcleum  or  gas,  and  in  rendering  more  pi'ecice 
pictu.res  of  bore  lithology.  At  the  present  time,  about 
505^  of  prospecting  boi’es  dug  with  the  purpose  of  finding 
either  petroleum  or  gas  are  Investigated,  by  the  method  cf 
neutron 

The  method  of  neutron-neutr-cn  carotage,-  when  the 
dectector  of  a  bore  instrument  registers  tne  intensity  cf 
thermal  or  super- thermal  neutrons  retarded  in  the  sur- 
rounding  mineral  strate  holds  out  great  prorfiise  foi'  tne 
quantitative  deteimilnatlon  of  .mi.neral  porosity.  In  this 
case,  the  measured  effects  of  super- thermal  neutron  re¬ 
distribution  as  compared  wich  the  I’edistrlDutlon  of  ther¬ 
mal  neutrons  is  considerably  less  dependent  on  the  miner¬ 
al  content  in  the  stratified  water  and  bore  fluid. 

It  should  bu  noted  Chat  a  combination  of  the  methods 
of  neutron-neutron  carotage  accoruing  to  thermal  neutre^ns 
and  neutron  T-carotage  makes  it  possible  to  reliably 
determiine  the  peti’ol eum-water  boundary  in  deposits  con¬ 
taining  water  with  a  mineral  salt  concentration  of  I30 
gi’ams/l.ltx’e  and  over  in  the  case  of  mir.eraj.  varieties 
similar  both  with  respect  to  porosity  and  lithological 
composition. 

The  method  of  v'T-carotace  based  on  measuring  the 
intensity  of  dispersed  t'-rad.iatlon  makes  It  possible  to 
maintain  surveillance  over  variations  in  strata  density. 
For  this  reason,  V-Y  -carotage  is  of  greet  Interest  Doth 
in  the  study  of  bore  lithology  and  In  the'  interpretation 
of  gravimetric  survey  data.  This  method  has  received 
the  wldt'fcC  application  in  the  investigation  cf  coal  de¬ 
posits,  revealing  as  it  doe.i  not  onjy  the  coal  layers, 
but  their  thickness  and  structure  as  well.  Studies  by 
the  method  of  Y'Y-carotage  are  being  conducted  In  the 
Chelyabinsk  and.  Pechora  Coal  Basins,  the  central  and 
western  portions  of  the  Donbass,  and  the  coal  deposits  of 
the  Primor’ye  and  the  .Teistern  Ur.al  deposit.  The  metnoci 
l-s  also  employed  in  the  Kuznetsk,  Karaganda,  Podmoskovnyy , 
and  Yuzhno-Yakutskiy  Basins  and  otr.er  coal  m.inlng  areas 
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in  the  Soviet  Union. 

Whereas  in  1955  the  method  of  Y'Y-oarotage  was  used 
in  surveying  only  several  hundred  meters  of  prospecting 
bores,  in  1959  the  scale  of  this  work  exceeded  1,600,000 
linear  bore  meters. 

Radioacti^'e  isotcpea  (usually  2n-65,  Fe-59#  and  Zr- 
59)  have  gained  wide  acceptance  in  the  petroleum  extrac* 
tlon  industry  for  controlling  the  technical  state  of  well 
bores  and  the  solution  of  certain  problems  in  industrial 
geology  having  to  do  with  well  sinking  and  exploitation. 

Isotopes  are  used  in  deterroining  reinforcement  column 
breakdown  points,  water  entry  points  in  reinforced  bores, 
fluid  circulation  zones  exterior  to  the  casing,  the  height 
of  coment  rise  following  cementation,  the  thickness  of  the 
cement  casing;  they  are  also  used  to  obtain  more  precise 
measuremonts  of  column  perforation  depth,  to  carry  out 
selective  perforation  of  2-  and  3-layer  columns,  to  define 
the  perforated  levels  in  uncased  bores,  and  to  eetabllsii 
the  location  of  Intensive  absorption  of  the  solution  in 
the  process  of  oil  well  sinking. 

In  a  number  of  petroleum-bearing  regions,  the  method 
of  V'Y-carotage  is  successfully  employed  to  determine 
cement  rise,  casing  eccentricity,  the  quality  of  cement 
distribution  beyond  the  casing,  and  the  depth  of  the 
casing  pipe  shoe  in  multi-column  core  designs.  The 
Volzhsko-Ural • skiy  Affiliate  of  the  All-Union  Geophysical 
Methods  Scientific  Research  Institute  has  developed, 
tested  and  successfully  introduced  a  special  instrument 
for  this  purpose  — the  VUP-1  oeroentometer. 

Radiometric  methods  are  also  beginning  to  find  use 
in  the  study  of  geological  bore  cross-section  in  the  field 
of  boron,  lead,  iron,  bauxite,  copper,  and  berylium  pros¬ 
pecting,  as  well  as  in  the  solution  of  a  number  of  pro¬ 
blems  in  mineral  geophysics. 

Since  1958#  some  experimental-methodological  work 
has  been  done  on  the  photoneutron  oarotage  method  in  bery¬ 
lium  ore  prospecting;  this  technique  is  based  on  the 

reaction.  The  technique  makes  it  possible  for 
mining  engineers  to  Iccate  ail  strata  containing  berylium 
of  near-industrial  quiility.  In  the  case  of  pravlously- 
surveyed  deposits,  the  photoneutron  method  is  an  effec¬ 
tive  means  of  revision  and  re-evaluation.  It  can  also  be 
used  in  praspectlng  for  berylium  ores. 

Also  tested  under  bore  conditions  was  the  method  cf 
induced  activity  for  the  location  and  quantitative  evalua¬ 
tion  of  copper,  aluminum,  silicon,  cobalt,  and  manganese 
content  in  mineral  ores.  The  Identification  of  the 
aforementioned  elements  with  the  aid  of  other  carotage 
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techniques  dees  no  c;  a3way3  yield  unambiguous  results.  A 
quantitative  evaluation  is  possible  in  principle  only  by 
the  method  of  activation  analysis. 

Activation  techniques  are  also  employed  in  the  analy¬ 
sis  of  mineral  ore  (core)  samples.  Their  advantage  lies 
in  the  possibility  oi  quickly  determining  the  content  of 
certain  elements  in  ere  samples  (fox'*  example,  indium,  man¬ 
ganese,  aiuminum,  silicon,  vanadium,  etc.)  and  the  possi¬ 
bility  Oi"  identifying  extremely  small  quantities  of  a 
number  of  elements  which  cannot  be  detected  by  other  means. 

A  method  of  selective  Y-T-carotage  has  been  develo¬ 
ped  for  copper,  lead,  and  other  heavy-element  prospecting; 
in  this  technique^  the  qualitative  and  quantitative  com¬ 
position  of  the  elements  in  which  we  are  interested  is 
detennined  by  the  intensity  and  spectral  makeup  of  the 
dispersed  Y-radiation. 

Experimental  work  in  mineral  bores  shews  that  I’adlo- 
metrlc  carotage  techniques  are  more  effective  than  other 
geophysical  methods  of  bore  study.  One  of  the  more  im¬ 
portant  tasks  of  future  research  in  this  area  is  that  of 
Improving  radiometric  methods  and  extending  their  poten¬ 
tial  in  the  study  of  mineral  bores. 

The  basic  purpose  of  efforts  now  underway  in  the 
mining  and  prospecting  fields  with  regard  to  isotope  app¬ 
lications  is  the  expansion  of  the  raw  materials  base  and 
the  Introduction  of  new  raw  materials  and  fuels  into  in- 
duati^,  as  v/ell  as  their  increased  extraction  under  safer 
and  more  healthful  conditions.  In  the  coal  and  mineral 
ore  industries,  radioactive  isotopes  may  be  used  chiefly 
in  instruments  of  control  and  automation.  Studies  and  the 
results  of  experimental  tests  in  the  application  of  radio¬ 
active  isotopes  and  nuclear  radiation  in  the  coal  and  min¬ 
eral  industries  have  shown  the  usefulness  of  both  these 
tools  in  effecting  automatic  control  over  coal  levels  in 
bunkers,  the  deterralnation  of  proper  times  for  driving  in 
trough  and  spout  opening.^,  realizing  the  proper  loading 
of  charging  skips,  controlling  the  presence  of  coal  or  ore 
on  a  con’/eyor  belt  sorting  out  pieces  of  waste  material 
from  chunks  of  coal,  counting  coal  wagons,  determining  the 
percentage  content  of  ash  in  coal,  suspension  densities, 
and  pulp,  studying  the  movement  of  various  gases  and  fluid 
streams,  determining  their  volume  and  the  gas  and  water 
permeability  of  suri-ounding  mineral  varieties. 

Work  on  the  creation  of  Y  -electron  relays  in  the 
Soviet  Union  was  begun  in  the  1950' s.  Test  prototypes  of 
such  relays  were  tested  at  the  Kemerevo,  Sverdlovsk,  and 
Chelyabinsk  sovnarkhozes.  The  "KIF"  Factory  of  the 
Khar'kov  Sovnarkhoz  organized  the  production  of  instruments 
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of  this  type  for  use  npecifically  in  the  mining  Induatiy; 
i;hey  were  called  the  '*GH’a‘'  (gamme  relays).  One  of  the 
first  liiajor  Induijtriai  enterprises  to  introduce  automation 
based  on  the  v/lde  use  of  f-elsctron  rtlaya  was  the 
aouthej'nn  Ore  Enrichment  Combine  oi"  the  Dnepropetrovsk 
Scvnarkhcz  li.  the  Ukrainian  SSH,  which  has*  accumulated  a 
oonsldersble  body  cf  p'xperlence  in  employing  inatrumenta 
of  the  OK  type.  .  At  that  time  the  Combine  was  suffering 
definite  losses  having  to  do  with  the  clogging  of  spouts 
with  coming  out  of  the  rough  fragm.entatlon  mill; 
this  led  to  the  tearing  of  transport  belts  and  resulted 
in  CO  udceratle  ore  losses ,  The  ere  dropping  off  the 
biSlts  r.ecessitated  work  stoppages  and  the  use  of  additio¬ 
nal  man  power. 

;Cn  1930,  the  reloadlns  spouys  In  the  rough  fragmen¬ 
tation  mill  vrere  provlcUd  with  V-elcetron  relays  of  the 
GB-1  type  (figure  1),  which  resulted  In  the  cc.nin?uete 
elimination  cf  the  aforemventioned  ffhortcoinlngi  similar 
equipment  was  subsepuf^utly  Installed  in  all  of  the  re¬ 
loading  spouts  of  the  i.'iedium  and  fine  fragmentation  mills 
(flgu;?e  2),  thus  assurirs  a  considerable  inipi-ovencnt  in 
work  rhythm  and  the  contpiete  elimlnaticn  of  conveyer  belt 
cutting  due  to  apeut  clogs. 

It  the  same  time,  V-electron  relays  art  being  used  as 
awltciiec  in  tuming  on  the  automatic  ci*©  watering  systems 
at  tho  instant  when  the  ore  is  brought  in  on  the  conveyor 
belt,  Y -relays  ere  also  used  to  regulate  medium  and 
fine  fragmentation  mill  loading,  completely  preventing 
mill  bi’cakdown  at  this  point. 

Iren  ores  enriched  at  the  YuGOK  ax'e  characterized  by 
a  fine-grain  structure.  For  this  reason,  the  enrichment 
proceaa  Is  preceded  by  three  fragmentation  stages,  end 
two  pulverisation  processes  designed  to  expose  raagnetite 
grains  less  than  0,1  millimeters  in  size. 

The  roller  and  ball  mills  at  the  enrichment  plant  are 
supplied  with  ore  by  a  system  of  conveyors  consiatlng  of 
two  parabolic  bunkers  cf  40,000  ton  capacity  (each  bunker 
oonsiatlng  of  l3  sections).  The  bunkers  are  loaded  by 
two  self- unloading  driver-operated  wagon  dollies. 

Following  fine  fragroentetlon,  the  ore  is  fed  by  con¬ 
veyor  Into  the  upper  portion  of  the  enrichment  system. 

Here  the  ore  stream  branches  off  onto  two  transporters 
with  dollies  which  unload  the  ore  into  that  section  of  the 
bunker  over  v;hlch  the  operator  stops  the  machine.  Quite 
naturally,  the  considerable  depth  of  the  bunker  (10  meters) 
and  thp  quantity  of  dust  within  it  complicate  the  detex’- 
rainablon  of  the  proper  ore  level  and  lead  to  dlaox'derly 
bunker  filling. 
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The  ei''feclenoy  of  tho  i:ali  nillls  c.nd  quality  of  "he 
corjj  'r.trate  to  a  considerable  extent  depend  on  the  atan- 
dardixatlon  of  the  fragmented  ore  with  respect  to  ai3  of 
its  perameterg  (slzo,  A  ion  content,  etc.).  Ore  stan¬ 
dardization  is  carried  out  throut,h  its  orderly  loading 
and  unloading  into  and  from  the  bunker.  This  can  be  done 
only  v/lth  the  aid  of  an  automatic  vdiich  wi.ll  per¬ 

mit  the  uninterurted  feeding  of  the  ball  and  roJIer  mills 
and  a  hl^'h  coefficient  of  bunker  filling. 

The  YuGOK  has  also  installed  a  system  for  regulating 
parabolic  bunker  loading  based  on  instruments  of  the  GP 
type.  The  bunkers  are  filled  In  the  shuttle  carrier 
stage  of  automatic  conveyor  operation.  The  fii'st  'jectiono 
to  be  filled  are  those  In  which  the  ore  level  Is  less  than 
4  meters.  When  all  sections  have  been  loaded  up  to  this 
level,  tnc  bunVeers  are  autcinatically  filled  up  to  the  10 
meter  mark.  Thus,  tie  automatic  ounker  leading  system 
consists  of  the  following  basic  links;  1)  middle-and 
upper-level  sensing  units  in  the  bunker  (4  ana  10  meters, 
respectively);  2)  fixed-position  sensing  units  in  the 
loading  oln  over  each  section;  3)  a  clock  of  operating 
relays  in  the  radiatica  receiving  units;  4)  coat’ll 
panels  to  Indicate  section  filling,  position  of  the  load¬ 
ing  bin,  and  system  operation;  5)  program-selecting 
equipment. 

The  automatic  loading  bin  la  stopped  over  each  bunker 
section  with  the  aid  of  fixed-pcaiticn  sensing  units. 

Each  such  unit  consists  cf  a  single  STS-b  type  counter. 

The  sensing  units  are  poaitioried  along  the  ba'^rler  through¬ 
out  the  length  of  loading  bin  tx’avel  (figure  3)*  B',ach 
sensing  unit  is  so  positioned  that  each  section  is  loaded 
symmetrically  with  rcsoect  to  the  transverse  plane.  In  ’ 
order  to  achieve  uulforvi;  loading,  the  bln  Is  stopped  at 
two  points  over  each  section,  resulting  in  the  formation 
of  four  symmetrically  positioned  cones  of  ore.  Such  a 
system  makes  possible  uniform  bunker  loading  and  creates 
the  necessary  conditions  for  ore  standardization.  The 
ball  arc  fed  thr<':agh  outlets  in  each  section  of  the 

parabolic  bunker]  the  outlet  spouts  are  powered  by  a  com¬ 
mand  el^‘ctropneumatlc  device  cf  the  KEP-12K  type  which 
turns  on  the  motors  only  when  a  particular  bunker  pectJ.on 
Is  filled  with  oro-;  If  there  is  no  ore  in  the  section, 
the  power  supply  is  cut  off. 

V-electron  relays  are  employed  in  the  agglomeration 
plant  of  the  Combiiie  to  maintain  a  layer  of  protective 
material  along  the  conveyor  belts.  The  absence  of  this 
material  leads  to  direct  contact  between  the  belt  and  a 
residue  heated  to  a  temperature  of  approximately  600  deg- 
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.rets  C,  which  turns  tni\)ugri  the  fonrer.  The  use  cl‘  -elec¬ 
tron  relays  has  made  it  posaAtle  to  elirainuto  such  mishaps. 

The  Soviet  Union  is  presently  conducting  studies 
directed  toward  the  creation  of  radiometric  dcvloes  and 
apparatus  which  could  b-.^  uaea  in  ^solvlufr  a  number  of  pro¬ 
blems  involved  in  mine  atmosphere  control.  Thus,  for 
example,  the  Central  Scientific  r^esearch  Laboratorv>  of  rhe 
'State  Mine  Technical  Inspection  Seivlce  (Gosgortekhnadzor) 
of  the  HSPSR  has  developed  a  portable  methanor.eter  which 
makes  it  possible  to  detect  the  presence  of  hazardous 
quantities  of  methane  gas  in  the  mine  atmosphere. 

2.  Metallu:>.';y ,  Machine  Building,  and  Chemistry 

Radiometric  methods  end  devices,  as  well  as  verlour 
radioactive  isotopes  and  nucleer  radiaticn  sources  are 
being  employed  in  the  soTutlon  of  varied  problems  in  metal¬ 
lurgy  such  as  inerfeased  retai  producciori  and  improved 
metal  quality,  the  finding  of  methods  for  improving  the 
strength  of  metallic  structures,  developing  new  metallic 
materials,  automating  aggregates  and  processes,  and  con¬ 
trolling  production. 

In  ferrous  metallurgy,  radiometric  methods  are  emplo¬ 
yed  to  control  the  movement  of  materials  in  the  molten 
state,  the  temperature  of  fire-resistant  linings,  and  the 
coke  and  agglomerate  levels  and  densities.  Studies  based 
on  radiometric  techniques  have  made  it  possible  for  several 
factories  to  Improt^e  blast  fiunriace  operation.  Positive 
results  have  likewise  beer4  obtained  with  the  use  of  radio¬ 
active  isotopes  in  the  search  for  mere  effective  techniques 
for  pig  iron  desulphurization  by  metallic  magnesium  and 
line-clay  slags.  Isotopes  are  employed  in  studying  the 
blast  box  in  a  cupola  furnace. 

Radiometric  probing  of  the  blast  portion  of  a  furnace 
makes  it  possible  to  maintain  surveillance  over  the  move¬ 
ment  of  molten  materials  (an  electrically-powei’ed  probe 
is  used  at  the  present  time).  The  result  of  tests  of  a 
radlometi’ic  inetallatlon  for  controlling  blast  furnace 
loading  at  the  Factory  Iminl  P.  E.  Dzerzhlnskiy  have  con¬ 
firmed  the  expediency  of  using  this  type  of  equipment  in 
other  metallurgical  factories.  Such  a  method  for  contrc>l- 
llng  loading  levels  can  be  employed  in  the  general  scheme 
of  blast  fuzn.ttce  stoking. 

Tne  efficiency  of  blast  furnaces  to  considerable  de¬ 
gree  depends  upon  the  preparation  of  tne  iron-bearing  raw 
material,  and  one  of  the  important  links  in  this  process 
Involves  control  over  if’on  ore  enrichment  and  agglomerate 
sintering.  The  uoe  of  radioactive  isotopes  in  tnis  pro- 
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CG8S  aijo  turned  oul  to  be  efrective.  A  radiometer 
for  determining  agglomerate  density  has  been  developed  at 
the  Kui^netsk  Metallurglcel  Combine.  Tests  on  the  equip¬ 
ment  r'j.n  at  the  agglomerate  plant  l.ave  ohown  that  the  ^.n- 
tx’cduetion  of  automatic  control  over  the-  degree  of  aggie - 
merata  sintering  will  .•■"•suit  In  an  appr’C-xirricite  saving  of 
0,2  million  rcublee  oox-  annum  at  the  Kuznetsk  Coinbine. 

At  a  number  of  factories,  radioactive  plugs  are  vinea 
In  controllj^ng  blest  idirnace  lining  wear,  thus  making  it 
possible  to  mainttvln  surveillance  ever  the  st.ate  .of  the 
lining  v;h.Ue  the  rurnsce  is  In  operation.  Whereas  eeve- 
rfil  years  ago  such  projects  weris  undertaken  merely  for 
rese.arch  purposes,  at  the  pi’esent  time  both  the  Kuznetsk 
and  ifegnltogorsk  Metallurgical  Combiaes  are  employing 
radiometric  methods  to  control  fire-resistant  lining^. 

The  rosulca  cf  such  efforts  have  made  it  possible  to  effe¬ 
ct  a  considerable  improvement  in  the  design  of  blast  fu.r-* 
nace  hearth  blocks  and  wells.  Figure  4  ahews  a  scheme 
for  including  radioactive  isotopes  in  the  hearth  block  of 
one  of  the  blast  furnaces  at  the  Metallurgical  Factory 
Imlni  P.  2.  Dzarzhinskiy .  The  main  result  of  these 
efforts  has  been  improved  blast  furnace  life  and  increased 
savings  In  maintenance  costs. 

In  the  steel  Industry,  radioactive  Isotopes  are  most 
widely  u,3ftd  in  operations  vrhose  basic  aim  is  the  improve¬ 
ment  of  technological  levt^ls.  The  results  of  a  number  of 
such  projects  nave  been  introduced  into  practice  and 
yielded  considerable  benefits.  At  the  Magnitogorsk  Com¬ 
bine,  radioactive  isotopes  of  iron,  sulphur  and  phospher- 
ous  were  used  in  the  ttudy  of  slag  formation  processes, 
which  made  it  possible  to  select  the  most  effective  pro¬ 
cedure  for  loading  molten  materials  into  the  380-ton  Mar¬ 
ten  furnaces.  At  the  Kuznetsk  Combine  and  the  "Azovstai* 
Factory,  radioactive  Isotopes  were  used  in  tne  study  cf 
steel  melting  vat  hydrodynamics.  It  turned  out  possible 
to  decrease  melting  time,  as  a  result  of  vrhich  the  steal- 
producing  €ffieien.:y  of  the  presently  available  Marten 
furnaces  increased  by  tens  of  thousands  of  tons  without 
additional  expenditures. 

The  Kuznetsk  Combine,  Makeyevskiy  Metallurgical  Fac¬ 
tory,  and  the  ''Azovstai'''  P.lant  have  all  worked  out  radio- 
metric  techniques  for  controlling  the  wear  of  fire-resls- 
tent  Marten  furnace  lining,  thus  reducing  maintenance  tiriie 

Of  great  interest  are  the  studies  carried  out  at  the 
IDiznetsk  Combine  and  the  Stalinskly  Metallurgical  Plant 
on  the  process  of  metallic  flew  during  rolling  operations. 
With  this  purpose  in  mind,  metal  Ingots  v.ere  mads  to  in¬ 
clude  radioactive  zones  by  introducing  isotopes  into  the 


mold  at  varf.cua  phas-v.  of  metal  crystal! izatloru  The 
nsethod  of  contact  aucc:adiograpiiy  can  be  used  tc  determine 
the  confisura tion  of  crystallisation  zones  in  the  ingot 
end  the  depth  of  deformation  zone  propagation,  as  v;ell  as 
to  determine  the  peculiarities  of  metal  flov.-  in  the  rolling 
pr-ooess,  >/hich  Is  important  for  the  rational  cal libi'stlon 
cf  rollers  and  the  finding  cf  methods  to  improve  rollc'd 
stock  strength.  Figtire  3  is  an  autoradiogram  of  a  rail 
croas-secticn  obtained  by  studying  the  character  cf  metal 
deformation  In  the  rolling  process. 

Also  promising  is  the  use  of  radioactive  isotopee  in 
chemlctl  laboratories  in  metallurgical  factories  for  the 
prrpv-.cf'  of  ittiproving  chernical  anelysin  technl':j‘aes . 

Ferrous  metallur/z:y  factories  have  introduced  many 
automation  in  control  instruments  whose  opc:]caticn  is  based 
on  the  ua>3  cf  radioactive  isotopes. 

At  the  Factory  imini  May  Day  in  the  city  of  Kalinin, 
scientists  have  tvorke:!  oat  and  Introduced  a  system  for 
controlling  liquid  m'-h.nl  levels  in  5err;i-continu(  us  molding 
machine  crystaiiireri:. At  the  present  time,  continuous 
steel  pouring  devices  for  small  cross-section  stock  are 
flndivig  ever  wider  distribution,  so  that  planning  organi- 
zstionc  are  already  including  such  i-ivel-controiling  ce- 
vlces  into  their  proceee  control  echemes.  Such  a  regu¬ 
lator  is  indispensaulc  in  operations  involving  the  rnpid 
pouring  of  metals,  since  the  operator  has  no  tine  to 
v/ataD  the  metal  level  in  the  crystallizer  and  tc  centre! 

It. 

An  ana!! agous  regulatory  system  has  been  introduced  at 
the  semi-con tinucus  pit:  iron  pipe  installation  at  the 
Sinarskiy  Pipe  Factory. 

Also  developed  and  tested  is  a  regulator  for  control¬ 
ling  liquid  metal  levels  in  the  cry  stall  izei's  of  continu- 
ouB  steel  pouring  machines  ci  the  conveyor  type  (URU-6) 
which  will  make  It  possible  to  completely  automate  the 
pouring:  operation. 

Ferrous  metallurgy  plants  are  employing  radiometric 
gauges  for  measuring  the  thickness  of  hot  avid  cold  rolled 
stock.  The  use  cf  thickness  gauges  to  measure  stock 
thickness  during  the  cold  rclllny  process  improves  the 
quality  of  the  stock,  increases  ixslllng  speeds,  reduces 
stoppages,  and  yields  great  savings.  Thus,  on  the  basis 
of  Imccmplete  data,  a  single  12-i'cll  mill  will  yield  a 
saving  of  70,000  roubles  per  annum  (an  extix-mely  conser¬ 
vative  figui*e)  when  fumishec  with  the  new  equipment.  Im¬ 
portant  savings  can  ^>  -00  rwnult  ficm  the  lu.stallation  cf 
thickness  gauges  In  sheet  3coiling  mlllo.  At  the  pre¬ 
sent  time,  such  devices  are  being  installed  at  the  Izhor- 
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atciy  Plant  ana  tha  Kuznetsk  Mfrtal'.lurgicul  Coiabine. 

Ferrous  metaiJ.  irgy  plants  have  lately  been  attaching 
much  importance  to  the  method  cf  Y-defcctoscopy,  which 
makes  ic  poasible  to  control  welded  seanjs  in  inaccessible 
places^  as  well  as  under  v^orkshop  and  assembly  cor.ditione. 
In  1952,  the  firat,  Y-control  eecticns  were  organised  at 
tne  Kuiinfctsk  and  Magnitogorsk  Metallurgical  Combines.  At 
tne  present  time,  dozeuis  of  factories  ai'e  using  this  type 
of  equipment  to  control  welded  seams  in  the  bottorac  of 
ateel-poiii’lng  ladles,  tanks,  pipes,  blast  furnace  jackets, 
etc.  Systematic  control  is  likewjsa  maintained  over  the 
quality  of  boiler  maintenance  and  casting  work. 

Great  perspectives  are  being  opened  up  In  the  field 
01'“  y -defectoscopy  by  the  use  of  electron-optical  trans¬ 
formers  which  will  Tiiake  possible  a  considerable  improve- 
ment  in  the  control,  of  such  products  as  large-diamc ter 
welded  pipes,  etc.  Work  completed  in  recent  yeafsi  naa 
yielded  results  which  satisfy  the  basic  demands  of  inav.s- 
ti’y. 

In  non-ferroua  metallurgy',  radioactive  isotopes  ax^e 
uaro  in  developing  control  methods,  studying  the  mechan¬ 
isms  and  kinetics  of  varicud  prtccesses,  and  inveutigating 
the  distribution  of  microscopic  impuritiea  in  metals  and 
alleys. 

The  use  of  radloa>'tl ve  isotopes  has  made  it  possible 
in  a  short  time  to  ds/cicp  and  Inprove  techniques  for 
obtaining  a  number  of  .ion-ferrous  and  rare  metals  In  a 
highly  purs  ctate.  Tnuf,  re.cioactive  isotopes  v'ere  em¬ 
ployed  in  the  development  of  metheds  for  obtainiiig  hlghly- 
pure  zinc,  lead,  nickel,  and  other  metals;  these  methods 
ai'e  piNcsently  being  employed  at  the  "Ukrtsink"  and  certain 
o  the  r  fa  c  to  ri  e  s . 

Studies  have  been  completed  and  recomiflendations  sub- 
mittel  for  improving  the  technology  of  electrolytic  cop¬ 
per  refining  with  a  minimal  contamination  of  the  eathooe 
copper  by  noble  metals,  the  electrolytic  production  of 
zinc  with  a  high  yield  per  unit  of  curr'ent  consumed,  and 
the  separation  of  itnenlum  and  molybdenum.  Radioactive 
isotopes  have  been  used  to  studv  the  interaction  cf  metals 
with  slecti*olytes  in  aluminum  electrolysis  end  co  esta¬ 
blish  the  reasons  for  reduced  yield  per  unit  of  current 
expenditure  in  magnesium,  electrolysis  (at  the  expense  cf 
the  anode  dissolution  of  the  pig  iron  block).  Methoas 
have  been  worked  out  for  controlling  indium  distribution 
in  the  hydrometallurgical  processing  of  sublimate  enervs- 
tatlons  obtained  in  non-ferricus  metallurg:.^  plants. 

The  use  of  radioactive  isotopes  has  made  it  possible 
to  improve  existing  methods  and  to  work  out  newtechniques 


of  che.uicctl  and  ep-  jt:cai.  analysis  in  c.*“tecting  extr'cmely 
small  quantities  of  foreign  matter  (^Ino,  lead*  tin,  anti¬ 
mony,  arsenic,  phospheroun,  gemanium,  gallium,  selenium, 
tellurium,  nickel,  cobalt,  iron,  silver,  and  a  number  of 
other  mecals)  In  pure  metals. 

Radioactive  Isotopes  have  been  vaed  as  indicators  in 
studying  the  mechanism  involved  in  the  sintering  of  clay- 
containing  furnace  charges  and  the  kinetics  of  certain 
.reactions,  in  the  investigation  of  the  distribution  of 
individual  components  d’lring  the  shaft  furnace  malting, 
conversion,  electrical  melting  and  fire  refining  of  non- 
ferrous  metals,  as  well  as  In  the  study  of  the  distribu¬ 
tion  of  various  components  in  electrolytic  processes  and 
processes  Involved  in  obtaining  and  purifying  metalo  am 
alloys. 

Research  work  involving  radioactive  isotopes  has 
yielded  significant  theoretical  and  practical  data  which 
make  possible  a  more,  correct  evaluation  of  technological 
processes  employed  In  non-ferrous  metallurgy,  better  con¬ 
trol  over  them,  and  the  determination  of  ways  for  their 
improvement. 

In  the  machine  building  industry,  radioactive  isotopes 
have  found  the  widest  application  in  the  defectoscopy  of 
metal  products.  In  many  factories  the  T -defectoscopy 
technique  has  become  an  Insepaiable  part  of  the  technolo¬ 
gical  process.  It  has  been  introduced  at  over  100  enter¬ 
prises  in  our  country  which  are  now  employing  2000  -  de- 

fectoscopes.  The  use  of  this  method  in  Industry  yields 
great  savings.  Thus,  for  example,  the  introduction  of 
y'-defectoscopy  at  the  Taganrog  Boiler  Factory-  has  resul¬ 
ted  In  an  annual  saving  of  22.9  thousand  roubles  due  to 
decreased  rejection  r«tes.  The  Dnep rxipetrovak  Metal 
Equipment  Facto ry  and  the  ”Russkiy  Dlzel*”  Plant  have 
achieved  eavlnge  of  68.6  thousand  and  14  thousand  roubles, 
respectively. 

Extensive  economies  have  also  resulted  from  the  wide 
use  of  radioactive  isotopes  in  control  and  automation. 

In  their  casting  operations,  machine  building  factories 
can  make  use  of  many  of  the  tools  ana  techniques  worked  out 
specif icnlly  for  the  metallurgical  industry. 

There  have  been  a  number  cf  sugges  ts  one  for  the  intro¬ 
duction  of  isotope  Instruments  into  die  stamping  operations 
For  example,  the  Moscow  Automobile  Plant  Imlnl  Likhachev., 
the  Physics  Institute  of  the  Latvian  S3R  Academy  of  Scien¬ 
ces,  the  Moscov;  Machine  Instrumentation  Institute,  and 
the  Tallin  Control -Measurement  Instrumentation  Factory 
developed  press  locking  devices  using  a  strontium  ^  -rad¬ 
iation  source  dispersed  in  an  enamel  coating,  ' 
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Radioactive  iaotopvea  are  employed  for  the  study  of 
material,  machine,  and  mechanism  wear,  making  it  possible 
to  obeei"/e  the  deterioraticn  process  and  the  transfer  of 
metal  from  one  friction  surface  to  another;  it  can  be 
used  to  determine  the.  ociual  contact  area  between  two  ad¬ 
jacent  surfaces,  to  study  the  role  of  lubrication  in  the 
friction  process,  etc. 

A  miniber  of  scientific  research  institutes  have 
carried  out  studies  of  cutting  Instr-ument  wear.  The 
method  of  marked  atoms  is  highly  sensitive,  requires  lit¬ 
tle  time,  considerably  simplifies  operations,  and  makes 
possible  a  quick  selection  of*  proper  cutting  instriiment 
material . 

The  use  of  radioactive  isotopes  and  nuclear  radiation 
couslderebly  widens  the  boundaries  of  the  practical  pos¬ 
sibilities  of  chemistry  and  physical  chemistry.  Studies 
of  the  effects  of  nuclear  radiation  on  chemical  substances 
and  processes  constitutes  the  subject  matter  of  a  new 
field  in  chemical  sclence--radiatton  chemistry.  The  theo¬ 
retical  pcssiblity  of  controlling  the  course  of  chemical 
transfo lira t ions  by  means  of  radiation  has  now  been  estab¬ 
lished  and  is  of  great  practical  importance. 

Highly-effectivs  radiochemical  processes  (polymeri¬ 
zation,  halation,  etc.)  which  require  energy  expenditures 
only  for  their  initiation,  can  be  realized  on  industrial 
scale  by  using  powerful  sources  of  ionizing  radiation. 

•Hie  vulcanisation  of  rubber  by  radiation  results  in 
the  focmiation  of  rubber  products.  Including  tires,  which 
differ  both  in  structure  and  properties  from  ordinary 
rubber  goods,  Thiey  are  characterized  by  improved  dura¬ 
bility,  stability  in  the  presence  of  high  temperatures, 
oils,  and  chemically  a<;gre3slve  media,  and  greater  streng¬ 
th  under  the  influence  of  numerous  deforinations.  The 
Physical  Chemistry  Institute  imini  Karpov  and  a  number  of 
other  organizations  have  demcn3tr*ated  the  possibility  of 
vulcanizing  rubber  by  means  of  radlaclon  without  the  ad¬ 
dition  cf  sulphur.  The  resulting  rubber  has  great  thei’- 
mal  stability,  which  is  particularly  important  in  the 
case  of  the  thlocols.  Also  promising  is  the  radiation 
techniques  for  obtaining  graft  copolymers  and  the  tech¬ 
nique  of  binding  various  polymers  by  radiation. 

No  less  important  are  the  processes  of  radioactive 
halation,  l.e.,  the  Introduction  of  chlorine,  bix>mlne, 
boron,  and  iodine  atoms  into  the  molecules  cf  the  various 
substances  which  is  now  widely  employed  in  chemical  tech¬ 
nology  for  the  production  of  toxic  chemicals. 

The  radioactive  technique  cf  obtaining  hexachlorane 
has  a  number  of  advantages  over  the  photochemical  technl- 
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qi’$. 

Nuclear  radiaticrs  make  it  possible  to  increase  the 
effectiveness  of  catalytic  processes.  Methods  are  being 
worked  out  for  the  radiation-thermal  cr-aoking  of  hydro¬ 
carbons  for  the  purpose  of  improving  end-product  yields. 
Radiation-thermal  cracking  of  petroleum  and  chemical  raw 
materials  can  proceed  at  significantly  lower  temperatures 
than  ordinary  thermal  cracking,  and  in  addition  requires 
no  catalyst.  Considerable ' savings  can  result  from  such 
a  promising  technique. 

The  introduction  of  new  types  of  synthetic  fibres  and 
rubbers,  as  well  as  Increased  machine  speeds  In  textile 
mills  and  other  industries  which  handle  dielectric  mater¬ 
ials  involves  the  accumulation  of  quite  large  electrosta¬ 
tic  charges  on  the  material  being  treated;  these  result 
in  high  rejection  rates  and  are  dangerous  as  fire-and 
explosion-causing  agents. 

Air  ionized  by  radiation  becomes  electrically  conduc¬ 
tive;  this  is  Important  for  combating  electrostatic  char¬ 
ges  In  the  artificial  fibre,  textile,  motion  picture,  pa¬ 
per,  rubber,  printing  and  certain  other  industries. 

In  the  chemical  Industry,  ^radioactive  isotopes, and 
nuclear  radiation  are  finding  wide  application  in  auto¬ 
mation  and  control  devices.  Mass-produced  densitometers 
are  used  for  the  automation  of  a  number  of  processes;  the 
automation  of  control  over  the  concentration  of  the  salty 
acid  formed  through  the  absorpeion  of  hydrogen  chloride 
by  water;  the  regulation  of  the  Intermediate  lyes  and 
caustics,  the  drying  cf  electrolytic  lyes,  the  regulation 
of  gaseous  chlorine  d:’ying  processes,  etc.  T -densito¬ 
meters  are  used  to  control  the  movement  of  petroleum  pro¬ 
ducts  through  pipes  from  one  processing  stage  to  another. 

The  application  of  radiometric  methods  as  a  means  of 
controlling  chemico-technological  processes  slraplifleE 
the  solution  of  various  technical  problems  and  curtails 
the  time  necessary  for  investigating  various  processes. 

The  method  of  radioactive  indicators  is  being  widely 
used  in  tests  Involving  the  evaluation  of  fuel  and  lub¬ 
ricating  materials.  Studies  are  being  made  of  oils  and 
fuels  from  the  standpoint  of  their  sediment -forroing  poten¬ 
tial  and  the  mechanism  involved  in  the  effects  of  admix¬ 
tures  on  lubricants.  Also  of  practical  interest  la  the 
possibility  of  employing  radioactive  Indicator  methods 
under  factory  conditions  for  evaluating  the  quality  of 
lubricants,  admixtures,  and  fuels,  as  wells  as  the  effec¬ 
tiveness  of  neutralizing  oil  admixtures,  the  lacquer¬ 
forming  properties  of  oils  and  admixtures,  and  their  cor¬ 
rosive  aggressiveness.  Significant  advances  have  like- 
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te  tiac^a  of  various,  eleniants. 

Extr^rrsely  promising  Is  the  use  of  radioactive  iac- 
topOB  for  the  pu  rifle- a  tier,  of  industrial  gases.  By 
ioni'^ing  mate  industrial  gases  with  the  aid  of  radio¬ 
activity,  it  is  possible  to  cre-ate  proper  coadltlone  for 
the  ccaiultttion  and  subsequent  reraovel  of  tiny  fravitiono 
of  duet  from  these  gasaa)  tills  in-  turn  will  make  it  poa- 
slblt  to  make  practical  uae  of  the  dust  and  to  purify  tho 
atriosphere  both  within  the  pls^nt  and  the  surrounding  pop¬ 
ulated  areas. 

3,  Research  In  the  Field  of  Physical 

irnH'"Ta3iHrcal  . 

The  ^significance  of  utilizing  advances  in  nuclear 
physics  in  the  various  fields  of  soienca  and  techn- logy 
consists  mainly  in  the  fact  that  we  have  developed  a  fund^ 
amentally  new  technique  of  studying  varlcue  processes 
taking  place  in  matter  and  the  propertle;;?  of  matter  itself. 
Thu<*5,  naw  possibilities  have  opened  up  for  deeper  stud?/ 
of  I'arioua  laws  which  determine  the  behavior  of  substances 
under  different  conditions.  This  in  turra  Is  a  contri¬ 
buting  factor  to  the  acceleration  of  technical  progress. 
With  refertmea  to  the  develcpment  of  a  wunber  of  scientl- 
fio  fields,,  the  possibility  of  extensive  use  of  atomic 
reactors  and  acceleracors  for  research  purposes  is  of 
decisive  inportanoe.  Physicists  and  tachnloians  now  have 
at  their  disposal  a  whole  series  of  research  atomic  re¬ 
actors  specially  deaigned  for  various  speclalisced  purposes 
In  many  of  the  scientific  technical  centers  of  our  country 
(  Moscow,  3>ningrad.  Kiev,  Tbilisi,  Tashkent,  etc.). 

The  work  schedules  for  these  reactors  Include  many  impor¬ 
tant  scientific  problems.  In  various  fields  of  science, 
important  j^esearch  programs  have  been  and  are  being  car¬ 
ried  cut  using  radioactive  and  stable  lao topes. 

Radloiictive  isotc-pos  are  finding  wide  application  in 
the  solution  of  problems  involving  the  development  of  new 
types  of  steel  and  alDoyn,  as  well  as  the  investigation 
of  the  basic  laws  of  their  thsiTCal  processing.  New  data 
have  been  obtained  by  studying  the  diffusion,  distribution 
of  elements  and  interatomic  interaction  in  metals  and 
alloys. 

Dlffuttlon  atudloa  have  yielded  results  which  make  It 
possible  to  establish  serv'eral  laws  having  to  do  with  the 
level  of  diffusive  mobility  cf  various  metals  ar.d  peri¬ 
pheral  diffusion,  aa  well  as  done r-accep cor  atomic  inter¬ 
action  In  solid  solutions.  Of  special  importance  are 
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the  results  having  to  do  with  the  miorc-dlotribution  of 
admixtures  and  binding  elements  in  alloys  based  on  titan¬ 
ium  and  zirconium  now  coming  into  wide  use,*  in  the  atomic 
industry.  It  has  been,  shown,  for  example,  that  the  heat 
resistance  and  resistance  to  corrosion  of  zirconium  alloys 
to  a  considerable  degree  depends  on  the  presence  of  large 
concentrative  heterogeneities  at  the  sub-boundaries  which 
arise  as  a  result  of  Interactions. 

The  Institute  of  Metal  Studies  and  the  Physics  of 
Metals  under  the  Central  Ferrous  Metals  Scientific  Re¬ 
search  Institute,  Moscow  State  University,  the  Moscov; 

Steel  Institute,  and  other  scientific  agencies  are  enga¬ 
ged  in  studies  on  the  determination  of  the  saturated 
vapor  of  various  alloy  components ,  Already  studied  are 
the  iron-carbcn,  Iron-chrotnium,  nickel -chr\.-mlum,  etc. 

The  resulting  data  on  vapor  elasticity  have  made  possible 
more  comprehensive  thermodynamic  analysis  and  a  clarifi¬ 
cation  of  certain  peculiarities  of  interatr mile  interaction 
in  solid  solutions.  The  successful  development  of  these 
thermodynamic  studies  is  due  in  large  measure  to  the 
application  of  I’adioactlve  Isotopes,  which  are  an  impor¬ 
tant  experimental  tool  in  this  area.  The  research  pro¬ 
gram  involves  the  use  of  nidloactlve  isotopes  of  iron, 
chromium,  nickel  and  many  other  elements. 

In  the  field  of  radiation  physics,  there  have  been 
significant  developments  in  such  important  fields  as  the 
study  of  the  action  of  nuclear  radiation  on  the  proper¬ 
ties  of  structui'al  and  semi-conductor  materials,  the  in¬ 
vestigation  of  the  physical  nature  of  radiation  effects,  . 
the  study  of  the  mechanism  involved  in  the  interaction  of 
radiation  with  matter,  as  well  as  the  x-adiatlon  treatment 
of  solid  bodies  for  researches  having  to  do  with  the  im¬ 
provement  of  our  concepts  about  the  mechanism  of  the  ac¬ 
tion  of  various  factors  on  the  properties  of  solid  bodies 
(strength,  electrical  conductivity,  plasticity,  electrical 
and  magnetic  properties).  Such  work  is  now  going  on  at  a 
number  of  scientific  institutions  under  the  USSR  Academy 
of  Sciences  and  Republican  Academies.  Date  resulting 
from  the  most  important  of  these  studies  have  appeared  in 
periodicals  and  have  been  presented  at  internaticnal  con¬ 
ferences  on  the  peaceful  uses  of  atomic  energy.  They  have 
promoted  the  development  of  atomic  power  production  and 
other  Imoortant  technological  areas.  As  a  result  of  re¬ 
search  carried  out  by  the  USSR  Academy  of  Sciences,  we  are 
now  familiar  with  oerlain  individual  details  of  processes 
taking  place  in  metals  during  irradiation.  Of  practical 
Interest  are  data  on  the  effects  of  metal  irradiation  by 
high-energy  particles,  as  well  as  analagous  studies  on 
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seml-c -aductors  and  m',5net.io  ;u&te rials. 

Oi'’  great  Importar.ae  xn  solid  sr.ate  phj^sics  is  the 
poaslbility  of  streuglnening  raetala  by  irradiation.  In 
this  area,  the  primary  role  is  played  not  by  the  practical 
use  of  radiation  to  strengthen  metals,  but  rather  by  new 
possibilities  in  the  study  of  the  physical  properties  of 
existing  high-strenrth  metals. 

At  the  present  time,  we  are  familiar  with  several 
methods  of  strengthening  metals.  In  particular,  the 
strength  of  puremetals  and  alloys  can  be  significantly 
increased  by  thermo -mechanical  treatment.  A.GCording  to 
existing  concepts,  plastic  deformation  brings  about  the 
strengthening  of  metals  by  giving  rise  to  structural  de¬ 
fects  lajL*gely  in  the  boundaries  of  friction  between  indi¬ 
vidual  crystals.  This  la  accompanied  by  extensive  kernel 
fragmentation  and  a  number  of  other  accompanying  phenomena 
which  complicate  the  study  of  the  mechanisms  involved  in 
the  strengthening  and  weakening  of  metals. 

Irradiation  likewise  restilts  in  the  formation  of 
defects  in  crystailne  structure  which  are  different, 
however,  than  those  arising  in  plastic  defonnatlcn.  Rad¬ 
iation  defects  appear  under  definite  conditions  without 
any  fragmentation  of  the  metallic  crystals,  and  are  in 
general  features  comparable  to  the  fine-dispersion  produc¬ 
ts  formed  in  dispersive  solidification.  The  strengthen¬ 
ing  cf  metals  by  Irradiation  is  determined  by  the  fact 
that  dislocations  experience  added  I'eslstence  to  their 
movements  as  a  result  of  Interaction  with  the  radiablon 
defects.  Attempts  have  been  made  to  use  these  concepts 
In  explaining  such  metal  properties  as  variation  of  the 
internal  friction  level  and  the  elasticity  modulus,  the 
raising  of  the  viscosity  limit,  and  a  number  of  other  ef¬ 
fects  characteristic  cf  irradiated  bodies.  But  all  of 
these  assumptions  frequently  bear  an  extremely  general 
character  the  reason  for  which  lies  in  the  insufficiency 
of  our  Knowledge  of  the  physical  nature  cf  radiation 
effects  and  the  mechanism  Involved  in  their  interaction 
with  dislocations  and  other  structural  defects. 

It  should  be  noted  that  much  data  has  appeared  in 
recent  years  on  alterations  in  solid  bodies  due  to  irra¬ 
diation.  But  these  data  do  not  alvrays  make  It  possible 
to  form  a  clear  ooncepc  of  the  nature  of  radiation  effects 
and  the  mechanism  of  their  behavior  in  solid  bodies. 

This  is  partly  due  to  the  fact  that  the  irradiation  of 
metals  Is  usually  conducted  in  complex  fields  (neutrons, 
as  well  as  #1  fc  twJI  f""  radiation) ,  and  with  the  use  of  strong 
doses  of  radioactivity.  For  this  reason,  studies  con¬ 
ducted  over  the  last  few  years  have  concentrated  on  the 
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action  of  small  doses  of  homogeneous  radioactlvitv  using 
such  sensitive  r'eseareh  tools  as  inte’^ual  friction. 

Scientists  in  the  Scvieo  Union  obtained  the  first 
comprehensive  set  of  data  on  the  effect  of  the  prelimin¬ 
ary  irradiation  of  austenitic  steel  by  fast  neutrons  on 
martensitic  transformation. 

The  Institute  for  fietal  Studies  and  the  Phyalcs  of 
Metals  under  the  Central  Ferrous  Ketals  Scientific  Re¬ 
search  Institute  in  cooperation  with  the  Theoi*etlcal  and 
Experimental  Physics  Institute  has  carried  out  extensive 
experimental  programs  on  the  study  of  metals  by  metallic 
alloy  neutronography  (the  study  of  interatomic  interaction, 
atonic  ordering  in  magnetic  alloys,  structural  alterations 
under  the  action  of  high  pressures,  etc.).  Figure  7a, b 
shows  a  neutron  ci’ystal  spectrometer,  while  Piguix  8  con¬ 
tains  a  diagram  of  the  set  up  used  in  the  neutroncstruc- 
tural  analysis  program.  Research  in  this  ai-ea  has 
sern^ed  to  confirm  that  large  monocryscals  of  Iron-nic'cel 
alloys  grown  from  the  molten  mixture,  both  of  tne  binary 
type  and.  those  bound  by  third  element,  consist  of  frag¬ 
ments  disoriented  with  relation  to  one  another  in  apprexi- 
rnately  the  same  degree  as  the  tiles  in  a  mosaic.  Var¬ 
ious  fragments  of  one  and  the  same  monocrystal  can  differ 
from  one  another  significantly  In  the  degree  of  mosaic 
character.  Results  obtained  in  this  work  are  of  interest 
both  to  crystal  growth  theory  and  from  the  standpoint  of 
irapt*oved  neuti’onostructural  analysis  methods. 

Of  great  significance  to  the  development  of  new  mag¬ 
netic  alloys  is  the  study  of  the  atomic  ordering  in 
solid  solution.  By  studying  the  magnetic  portion  of 
neutron  dispersion,  detailed  studies  were  carried  out  on 
atomic  ordering  in  iron-nickel  alloys  of  the  permalloy 
class  of  high  magnetic  permeability.  Direct  data  were 
obtained  on  the  existence  of  a  supers truetui*e  in  the 

fe- compound  and  the  effects  of  a  third  element  (copper, 
chromium,  or  molybdenum)  on  that  superstructure.  An 
analysis  of  the  results  made  it  possible  to  render  a  more 
precise  diagram  of  pnase  equilibrium  in  Iron-hickel  alloys 
and  to  draw  sn  impor  ant  conclusion  about  the  special 
ferr-omagnetic  nature  of  the  energy  of  atomic  orierSng  in 
these  alloys. 

Other  syaterno  in  whl.jh  atom^'r  ordering  plays  an  im¬ 
portant  role  in  thermal  processing  arc  the  iron-cobalt 
magnetic  alloys  which  are  also  extremely  important  due 
to  their  high  magnetic  saturation.  ^fc-utro  no  graphic  data 

on  these  alloys  mads  it  possible  to  establish  the  presen¬ 
ce  of  an  anomaloualy  wide  concentratlve  region  for  the 
existence  of  a  superstructure  In  the  equiatomic  Fedo  com- 
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-■-  'he-  cciiciu'sltm  that  tx'an:* formaticns 
:e  ora^i’ed  to  the  .iisordered  state  I'n  the  iroh-^obalt 
are  to  be  rei^ardeci  as  oecona-order  phase  chasiges. 

9  Is  a  neutror ogran  of  an  ii’cn-cobalt  alloy. 


The  central  Ferrous  Metal  Scientific  Research  Insti¬ 
tute  ha:-3  coinpleteci  a  thso>*etioiil  study  having  tc  do  vilth 
a  cnicu lution  nf  neutron  defmctlon  by  austenitic  crystals 
Conti^ry  to  the  cpinica  or  certain  foreign  scientists,,  It 
has  now  been  proved  thet  it  la  possible  to  determine  the 
position  of  carbon  atoms  In  the  ctt/stal  lattice  of  austen¬ 
itic  steel.  The  experimental  portion  of  the  program  was 
carried  cut  at  the  First  Atomic  Electrical  Power  Station 
(USSR).  The  results  obtained  have  confirmed  the  concept 
of  the  octahedral  variant  for  caroon  atom  locations  in  the 


austenitic  crystals,. 

In  conclusion,  it  should  be  noted  that  pcasioll j ties 
for  the  retional  use  of  isotopes  and  nuclear  radiation  In 
science  and  technology  are  fir  from  exhausted.  X!;  is 
one  of  the  timely  tasks  of  physicists  to  find  new  v/nvs  cf 
employing  Isotopes  in  scientific  resear-cii  and  industry. 

It  is  to  be  expected  that  new  results  of  fundamental 
scientific  and  practical  signiflcarice  will  be  obtained  in 
the  field  of  applied  riUclear  nhysics  in  the  veiy  near 
Mature. 


Raceived  i'O  July,  i9tl 


119 


Figure  1.  Container  with  radiation  source  of  V  -electron 
relay  on  reloading  line  (indicated  by  arrow). 
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Figure  3,  Diagram  of  Installation  for  neutron  structural 
analysis* 

1  —  Reactor  tank  walls; 

2  —  graphite  reflector; 

3  —  Concrete  shielding; 

4  Gate  valve; 

5  —  Gate  valve  motor; 

6  —  Plug  with  slit  collimator; 

7  —  Monochromator  crystal  unit; 

S  —  Dead  crystal; 

9  —  Shielding  of  boron-ccntainlng  raterlal; 

10  —  Sample; 

11  —  Shielding  tanks  u’lth  water; 

12  —  Steel  gate; 

13  —  Sp^^ctroracter  detector; 

14  —  Detector  shielding; 

15  —  Soreening  box; 

16  —  Spectrometer  support  rail; 

17  —  Electric  motor  amd  reducer  of  operating  assembly; 

13  —  Selsyn  motor  to  operate  deflection  meter  remotely; 

19  —  Counter-monitor; 

20  —  Background  level  counter; 

a  —  linear  pulse  amplifiers;  b  —  amplitude  discriminators; 

0  —  scaling  devices;  d  —  mechanical  counters  (last  two  ele¬ 
ments  mounted  on  control  panel). 
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A  REVIEW  OF  GOSATOiCCZDAT  BOOKS  FOR  1960*1961 


following  is  the  translation  of  an  unsigned 
•  series  of  items  in  Atomnaya  Energiya  (Atomic 

Energy),  volume  11,““#  "47  October  1961,  pps, 

404-415V 


What  follows  is  a  survey  of  publlcat;ions  on  nuclear 
power  production  and  allied  scientific  and  technical 
fields  issued  by  Gosatoraizdat  In  196O-196I.  However,  due 
to  the  scientific  and  practical  value  of  many  of  the  mat¬ 
erials  included  in  the  Proceedings  of  the  Second  Inter¬ 
national  Conference  on  tHe  Peaceful  tlfses  of  Ttomlo  i^ergy, 
(Geneva  1958)  7  Tb  was  decided  that  these  /o lume s ' snou I d 
also  be  included  in  the  present  survey. 

The  literature  considered  In  the  survey  is  grouped 
according  to  five  subject  headings;  "Nuclear  Physics", 
"Nuclear  Power  Production",  "Nuclear  Fuels  and  Materials", 
"Protection  from  Nuclear  Radiation",  and  "Radioactive  and 
Stable  Isotopes", 

In  a  few  cases,  certain  deviations  from  the  scheme 
have  been  permitted.  Thus,  for  the  readers*  convenience, 
publications, on  radiation  protection  in  reactor  installa¬ 
tions  have  been  incluaed  in  the  "Nuclear  Power  Production" 
section.  At  the  end  of  the  survey  there  will  be  a  des¬ 
cription  of  three  popular  scientific  works  particularly 
noteworthy  for  their  comprehenslveneas  and  character  of 
presentation. 

Proceedings  of  the  Second  International 
fenife^nce  on~'^e""jPeaceftri  t/ses  l?f  Atomic 
Snergy  T6eheva  T956) . 

^ote  3 1  Gosatoroizdat  is  the  State  Publishing  House  for 
Literature  In  the  Field  of  Atomic  Science  and  Technology. 
Its  former  name  was  the  Publl^ing  House  of  the  Main  Ad¬ 
ministration  on  the  Uses  of  Atomic  Energy  under  the  USSR 
Council  of  Ministers^ 
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Z:  tnc-  of  th?  Second  Geneva  Conference 

consist  of  a  6-volunie  set  of  papers  py  Soviet,  scientists 
and  a  Itt-volume  set  of  selected  papers  by  foreign  scien- 
tiats^J’' 

N’UCLEAK  PHYSICS.  Papers  on  the  physics  of  nuclear 
pov/er  production  are  collected  in  volume  1  of  the  reports 
by  Soviet  Scientists,  Nuclear  Physics,  and  Volumes  1  and  S 
of  the  seleete.!  papers  by  Soviet  sofenta s ts  entitled  The 
PhysicA  .0?  Ji?>  and  ‘rhermo nuclear  Reactions  and 

J^eu t fr?''n~*^'%Tc s ,  5‘he’  first  parf  c f  the'  volume  Nuc lea r 

WiysITa  aelirE“w.ith  plasma  physics  and  the  problem  of  oon- 
trcllen  the mionuG lean  reactions j  it  opens  v^lth  a  survey 
iMT'port  by  Academician  L.  A.  / rtsimovlch  on  research  In 
this  field  going  on  in  the  Soviet  Union.  The  other  papers 
contain  the  results  of  studies  on  high -voltage  pulsed  dis¬ 
charges.  A  series  of  x^eports  has  to  do  with  the  problems 
cf  piasma  stebility,  the  stabilization  of  plasma  v.itn  the 
aid  of  heterogeneous  magnetic  fields,  and  the  constriction 
of  plasmas  by  high-frequa.ic.y  eiectr-omagnetic  fields.  Also 
of  interest  was  a  paper  on  plasma  radiation  In  a  magnetic 
field.  One  of  the  reports  contains  a  theoietlcal  analy¬ 
sis  of  the  problem  of  cimpie  and  shock  magnetohydrodyna¬ 
mic  waves.  Much  attention  is  deveoted  to  experimental 
methods  oi'*  studying  pl;.:sma  perameters.  The  second  part 
of  the  volume  includes  papers  on  nuclear  physics  and  cer¬ 
tain  problems  of  charged  portiole  acceleration:  the  ini¬ 
tiate  cf  operations  on  the  synchrophasotron,  Soviet  stu¬ 
dies  of  cosmic  rays  with  the  aid  of  rockets  and  artificial 
earth  satellites,  nu  nlear  heavy-ion  reactions,  nuclear  fis- 
slcri  asymmetry,  neuti'Hcn  radiation  captui’e  cross-sections, 
etc . 

The  volume  Hot  Plasma  Physics  and  Thermonuclear  Re¬ 
actions  contains~t>o'&h  fuTi  texts  antT^unmiarTes  of  '  reports . 
'Sievera'X  survey  reportt  deal  with  the  development  of  thermo¬ 
nuclear  research  in  the  capitalist  countries.  Most  of  the 
papers  have  to  do  with  the  problem  of  plasma  configura¬ 
tion  stability,  as  well  aa  the  theoxi’  of  plasma  heating 
with  the  aid  of  electromagnetic  fields  and  shock  waves. 

Many  paperc  contain  detailed  clescriptlcns  of  devices  and 
experimental  re.eulta  on  instailationa  with  various  methods 
of  plasma  heating  and  capture  (toroidal  systems,  stellara- 
tors,  magnetic  traps,  etc.).  Several  papers  Incluvie  sur¬ 
veys  of  measurement  techniques  used  in  studies  on  control¬ 
led  thernonuclear  reactions  in.  Great  Britain  and  the  US. 

The  volume  entitled  Neut:oori  Physics  is  partially  com¬ 
posed  of  survey  reports  oh  the’  basic  pr'oblema  of  neutron 
physics.  The  papers  in  this  volume  can  be  classified  ac- 
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eorciing  to  the  folio. oato^orleaj  neutron  8ti.*ucture 
and  properties;  croed-aeotlons  of  neutron  intex-action 
with  matter,  including  str*uctural  materials  employed  In 
reactors;  nuclear  fission,  fission  products  and  radiation; 
i^sonance  capture;  neutron  retardation;  neutron  thermal- 
ization;  modem  and  techniques  for  measuring 

neati’cn  cxpss-sectlon,  streams  and  neutron  spectra.  All 
of  these  categories  encompass  a  large  body  of  theox'etical 
and  expex*lniental  material.  ■' 

NUCLEAR  POWER  PRODUCTION.  This  section  includes; 
volume  2  of  the  papers  by  Soviet  scientists  entitled 
Nuclear  Reactors  -and  Nuclear  Power  Pmductlon,  and  volume 
5  ^  reports  h^  foreign^scIentistsT  Kuc'lear  Reactor 

Physics,  and  Nuclear  Reactors  and  Nuclear  {=‘ower  l*mdu?tlon 
•ihe  first  part  o t  “v^ume  2  deal  s^wf tE^SovTe t  atomic  po we  r 
production  Installations,  while  the  second  describes  ex- 
pei*imentai  and  test  reactors,  as  well  as  experiments  aniS 
reaearcn  conducted  with  this  equipment  for  the  purpose  of 
Improving  reactors.  The  third  part,  largely  theoretical, 
deals  with  the  problems  of  reactor  physics.  It  also  in¬ 
cludes  questions  having  to  do  with  mac tor  design  methods. 

Volume  3  consists  of  three  parts.  The  first  covers 
experiments  on  the  study  of  various  types  of  reactor  grids 
as  well  as  several  types  of  reactors  and  reactor  systems. 
The  second  part  deals  with  the  problems  of  reactorphyslcs 
and  Quastlons  relating  to  theox^tical,  reactor,  neutron, 
and  mathematical  physios.  The  third  part  contains  des¬ 
criptions  of  reactor  kinetics,  fuel  cycle  calculations, 
and  reactor  safety  problems. 

Volume  4  containt:  descriptions  of  the  basic  types  of 
foreign  power  production  reactors  and  atomic  electrical 
power  stations.  It  also  deals  with  the  economics  of 
nuclear  power  production  and  nuclear  reactor  applications 
not  related  to  the  exploitation  of  chain  reactions  for 
power  production  purposes. 

NUCLEAR  FUELS  AND  MATERIALS.  This  section  is  made 
up  of  volumes  3  and  4  of  the  papers  by  Soviet  scientists 
Nuclear  Fuels  and  Reactor  Metals,  The  Chemistry  of  Radio- 
ao€ive_'^lementg  and  "ftsdiation  'Tx^ naf orma t ions ,  and  volume s 
5,  6/  T,~  end  d'  of '  €Ke  a  elec  ted  To  r^  gn  papers.  The  Chemis¬ 
try  of  Radioactive  Elements  and  Radiation  Trans f b rraa t Ions , 
Huclear  ^uela  and  Reactor  Ijateriala,  of 

Atomic  rials,  and  The  (fed logy  of  Atomic  IWat- 

e  rial  8. 

The  first  part  of  volume  3  deals  with  materials 
having  to  do  with  the  geology,  minerology,  prospecting. 
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enrlchiiient ,  and  reprocessing  of  Etoiuio  raw  materials. 

The  aecond  part  deals  with  problems  in  metallurgy,  metal 
studies,  and  technology  as  they  rebate  both  to  nuclear 
fuels  (uranium  and  Its  compounds,  thorium,  plutonium), 
and  a  number  of  structural  materials  (airoonium,  berylium, 
and  their  alleys).  It  also  includes  results  of  studies 
on  the  physical  and  corrosive  properties  of  reactor  metals 
and  the  effects  of  neutron  irradiation  on  the  structure, 
properties,  and  dimensional  stabilization  of  the  fuel, 
i.e.,  the  results  of  investigations  of  many  of  the  most 
important  problems  in  modern  metal  studies; 

Volume  4  of  the  papers  by  Soviet  scientists  covers 
modem  methods  of  reprocessing  irradiated  nuclear  fuels  • 

and  contains  results  of  studies  on  the  chemistry  of  ruth¬ 
enium,  thorium,  uranium,  plutonium  and  americium.  Also 
treated  are  the  problems  involved  in  radioactive  f/sate 
sorption  and  burial.  Several  papers  are  devoted  to  in¬ 
dividual  problems  in  radiation  chemistry, 

Tlie  papers  in  volxiwe  5  of  the  selected  reports  by 
foreign  eolentlats  deal  with  the  problems  in  the  chemical 
reprocessing  of  irradiated  materials,  analytic  control 
methods,  methods  of  removing  and  disposing  of  radioactive 
'/tastes,  as  well  as  several  problems  in  the  radiation  che¬ 
mistry  of  polymers,  gases,  water  solutions,  and  both 
solid  and  liquid  organic  compounds. 

Volume  6  includes  a  number  of  papers  on  the  metall¬ 
urgy  of  uranium  and  its  alloys,  the  metallurgy  of  niobium 
and  structural  materials,  the  metallurgy  of  uranium, 
uranium  alloys,  and  plutonium,  the  physical,  thennodyna- 
raic,  and  corrosive  properties  of  uranium,  plutonium  and 
the  alloys  and  oorapounds.  Also  considered  are  the  pro¬ 
blems  involved  in  the  effects  of  neutron  irradiation  on 
nuclear  fuels  and  structural  materials,  as  virell  as  ques¬ 
tions  having  to  do  with  the  technology  of  heat-producing 
elements  manufactured. 

Volume  7  includes  selected  papers  by  foreign  scien¬ 
tists  having  to  do  with  the  technology  of  atomic  raw 
materials.  This  vclumi;  has  five  sections*  ’’The  Leaching 
of  Uranium  and  Thoriuro  from  Ores  and  Their  Precipitation 
from  Solutions";  "Sorptive  Methods  of  Extracting  Uranium 
for  Solutions  and  Pulps";  "Extractive  Methods  of  Removing 
Uranium  end  Cerium  from  Solutions  and  Pulps";  "The 
Preparation  of  Pui^.  Uranium  and  Thorium  Compounds";  "The 
Preparation  of  Uranium  Hexafluoride  and  its  Reduction  into 
Tetrafluorlde". 

Volume  8  of  the  selected  reports  likewise  contains 
five  parts.  The  first  has  to  do  with  genei’el  probleinf? 
in  the  geology,  geochemistry  and  mlnerology  of  uranium  and 
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thcrlumj  the  second  Is  made  up  of  10  regional  surveys 
of  the  present  state  of  the  uranium  and  thorium  resources; 
the  third  contains  descriptions  of  individual  uranium  and 
thorium  deposits;  the  fourth  covers  methods  and  techniques 
for  surveying  and  prospecting  for  uranium  and  thoi^lum; 
the  fifth  deals  with  berylium  and  zirconium  geology. 

RADIOBIOLOGY.  Volume  5  of  the  reports  by  Soviet 
scientists  entitled  Radioblology  and  Radiation  Medicine 
deals  with  four  groups  of  problems.  T^ie  first  gr^ up  has 
to  do  with  the  peculiarities  of  the  biological  effects  of 
ionizing  radiation,  long-range  effects  of  radiation  in 
small  doses  and  genetic  radiation  effects,  as  well  as 
several  problems  involved  in  the  treatment  of  radiation 
sickness.  The  second  group  of  papers  has  to  dowlth  the 
use  of  radioactive  isotopes  in,  biological  and  medical 
research;  the  third  is  concerned  v:ith  the  application  of 
atomic  energy  in  medicine.  The  fourth  group  is  made  up 
of  papers  dealing  vrltn  the  absorption  by  soils  of  certain 
groups  of  uranium  floaion  products  and  their  gradual 
accumulation  In  plants  and  food  products. 

Volume  9  of  the  selected  papers  by  foreign  scientists 
which  bears  the  same  title  as  volume  5  of  the  Soviet 
collection  contains  papers  on  six  topics;  the  biological 
effects  of  radiation,  protection  against  Irradiation; 
work  hygene  at  atomic  industrial  enteri^rlses;  the  uso  of 
the  method  of  marked  atoms  in  biochemistry  and  physiology; 
the  applications  of  atomic  energy  In  medicine;  radiation 
genet.lcs , 

RADIOACTIVE  AND  ^Ti'ABIE  ISOTOPES.  Volume  6  of  the 
papers  by  Soviet  scientists  opens  with  a  paper  entitled 
The  Use  of  Radioactive  Isotopes  In  the  USSR  in  which  the 
author  presents  a  detairecT  survey '  of 'tlie' present  state  of 
efforts  in  the  use  of  Isotopes  in  the  national  economy. 

Two  reports  in  this  volume  deal  with  the  problems  of  pi’e- 
parlng  materials  for  irradiation,  the  irradiation  of 
various  samples,  the  reprocessing  of  Irradiated  materials, 
and  the  development  of  methods  for  remote  work  in  radio¬ 
chemical  laboratories. 

The  four  following  papers  have  to  do  with  the  appli¬ 
cations  of  radio  isotopes  in  industry  snd  technology. 

Five  papers  deal  with  individual  problems  in  dosimetry. 

The  last  eleven  reports  have  to  do  with  various  aspects 
of  the  use  of  radioactive  isotopes  and  Ionizing  radiation 
in  agriculture.  They  describe  the  results  of  studies  of 
photosynthesis  with  the  aid  of  quantitative  radiometric 
methods  for  investigating  the  conveyance,  distribution. 
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and  ti’i.ns.fomation  of  cer-ta^-f  phyeiolnKlcally  active  sub- 
stanoeo  within  the  plant,  the  absorption  of  phosphernus 
by  agricultural  plants  as  detervr.ined  by  their  resistance 
to  cold,  the  use  of  radioactlva  isotopes  in  the  study  of 
plant  protection,  etc. 

Volume  iO  of  ssl c^sd  reports  by  foreign  scientists 
eii titled  The  P^parav  or.  and  Use  cf  Isotopes  conalsta  of 
four  parts.  Jhe"  f’"ir^'t“oF^t£eae  hai^o  3o  with  several 
methods  of  preparing  stable  and  radioactive  isctopea, 
techniques  for  synthesiaing  mariced  organic  compounds, 
radiochemical  Installations  for  the  pi>oduct^lcn  of  isotopes 
from  uranium  fission  preducts,  and  methods  for  producing  t 

radioisotopes  of  high  specific  activity;  the  second  part 
ic-  devoted  to  designs  for  installatlone  and  instruments 
employing  radioactive  isotopes;  it  contains  a  number  cf 
interesting  examples  of  radio  isotope  application;  the 
third  part  contains  descriptions  of  apparatus  and  roethcds 
of  registering  ionizing  radiation;  the  fourth  encludes 
descriptions  of  laboretcrlea  and  equipment  for  wo  lie  with 
radioactive  materials. 

Nuclear  Fhysloa 

(huclear-  Physics,  Neuti'cn  Physios,  Nuojear  Research 
Methods) , 

The  book  by  P.  E,  Neraircvskly  entitled  Modem  !>todel3 
of  the  Atomic  Nucleus  (i960,  3OO  pages),  is  Msed  on  a 
number  cf  3<:^Vlet"'c<ri3*'‘i*oi*eign  papers  of  recent  years,  in- 
ciuding  the  auchor’s  own  original  articles.  In  accor¬ 
dance  iiiith  its  title,  the  book  covers  the  following 
topics?  Shell  models:  tne  general  ox*  collective  model 
of  the  nucleus;  and  finally,  the  optical  nuclear  model 
and  its  relation  to  the  former.  The  book  concludes  with 
an  exaiuination  of  radioactive  trensforRiations  in  the  first 
two  models  and  the  application  of  the  generalized  model 
to  alpha  decay  theor./  The  autiicr  has  avoided  cumber¬ 
some  raathemetlcal  expositions,  and  for  this  rea-jon  bis 
book  is  acceptable  to  a  relatively  large  number  oi’  readers. 

The  bibliography  cf  this  Interesting  book  about  lov-energy 
nuclear  processes  contains  300  titles, 

N.  Pi  wellpa's  book  entitled  Intx*oduotion  to  Kultiple 
Scattering  Theoj^,  196C,  1*59  pages,"  iT*  Eased  oh  a  series 
^"lectures  prese'nted  by  the  author  at  the  Moscow  Engin¬ 
eering  Physics  Institute.  Despite  the  small  sinie  of  the 
book,  the  author  has  succeeded  in  describing  methods  for 
solving  problems  involved  in  the  passage  of  gamma-quanta 
electrons,  and  neutrons  through  matter  taking  multiple 
scattering  into  account.  The  book  considers  the  sources 
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of  varying  geomet ficai  foiitti  and  includes  a  number  of  cal¬ 
culated  examples.  This  work  is  particularly  timely  at 
the  prssent  time,  especially  in  connection  with  the  prac¬ 
tical  necessity  of  calculating  and  constructing  biologi¬ 
cally  protective  equipment. 

Of  ooneiderabie  intc-i'est  ie  the  collection  of  articles 
entitled  Appajretaa  for  Muclear  Spectrometry*  1961,  434 
pages,  edised  by  S,  *S.  Kurochkin  and  V.  V,  Matveyev,  The 
first  part  of  the  anthology,  which  contains  four  articles, 
considers  spectrometer  sensing  units  in  mass-produced 
apparatus  (sintlllation  counters,  photomultipliers,  light 
guides).  The  second  part  (seven  articles)  describes  the 
electronic  apparatus  of  spectrometers  (a  non-over  regula¬ 
ted  linear  pulse  amplifier,  a  precision  mean  counting 
rate  meter,  a  single-channel  spectrometer  wi^h  a  resol /Ing 
time  of  0.3  microseconds,  etc.)  The  materials  in  thi^? 
collection  can  be  used  in  other  fields  of  science  and 
technology  in  the  design  of  various  types  of  contarol  and 
measuring  apparatus. 

Special  problems  in  equipment  design  for  nuclear 
research  in  cyclotron  laboratories  ara  comprehensibly 
treated  in  the  book  by  L.  P.  Kondrashev  and  N,  N.  Khaldin 
entitled  Equipment  for  Nuclear  Research,  1961,  14B  pages. 
This  represents  “  a  generalia.Cclon  of  the  work  experience 
accumulated  by  a  team  oi’  designers  and  physicists  at  the 
cyclotron,  laboratory  of  the  Atomic  Energy  Institute  imlnl 
I.  V,  Kurchatov  under  the  USSR  Academy  of  Sciences  This 
Is  the  first  book  which  gives  sUi'’ficlent  attention  to 
certain  obscure  problems  in  the  design,  construction,  cal- 
libration,  and  operation  of  special  equipment  employed  in 
conjunction  with  the  cyclotron  in  nuclesr  research,  as 
well  aa  in  the  adjustment  and  operation  of  the  cyclotron 
Itself.  Many  elements  of  the  apparatus  described  can  be 
used  in  non-cyclotronlc  laboratories  as  well, 

A  collection  of  artj.clee  encitled  Neucron  Physics, 
1961,  371  pages  has  recently  appeared  under  tHe  ^'it-or^hip 
of  P.  A,  Krupchltskly .  It  contains  original  articles 
by  various  authors.  The  four  sections  which  make  up 
this  collection  deal  wIUj  the  follov;ing  problems!  neutron 
retardation,  resonance  absorption^  and  diffusion  (l8 
articles);  fission,  fragments,  and  secondary  neutrons 

i6  articles;!  interaction  of  fast  neutjxn  with  nuclei 
12  articles);  and  gamma  raclation  in  neutron  capture 
,4  articles).  The  book  Is  of  great  interest  Both  to 
theoreticians  and  engineering  physlolstB,  particularly 
those  concerned  with  tlie  calculation  and  design  of  reactor 
installations. 

A  recently  issued  publication  of  the  textbook  variety 
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for  highvr  educatiorial  institutions  is  the  Collection  of 
Problems  in  Atomic  Physios  oy  I.  Ye.  Irodov7"*T5^nT~^3T 
pages,  whicH  has  already  undergone  2  editions.  Itie  bock 
contains  about  850  problems  v/lth  sufficiently  detailed 
directions  for  the  solution  of  the  more  complicated  ones. 

Another  work  which  might  serve  as  a  text  for  physics 
and  engineering  physics  students  Is  Atomic  Physics  by  H. 

Ware  and  J.  Richards,  ti^nsiated  f rom'"^tlie  "2ngiT^7  1961  # 
which  represents  an  introduction  into  modem  atomic  physics. 
It  deals  with  the  atomistic  concepts  of  matter,  electri¬ 
city,  radiation,  the  Rutherford  and  Bohr  models  of  the 
atom,  the  foundations  of  re.lativity  theory,  artificial 
and  natural  radioactivity,  nuclear  reactions,  intranuclear 
energy,  elementary  particles,  and  cosmic  rays.  The  appen¬ 
dices  contain  tables  of  isotopes,  atomic  constants,  and 
other  reference  material.  The  authors  examine  the  fund¬ 
amental  problems  of  atomic  physics  without  employing  cosi;- 
plcx  mathematical  tools  and  go  along  way  tOA^erd  flllinf:; 
the  need  for  a  book  of  this  type. 

Two  other  recently  translated  woiHcs  on  nuclear  phy¬ 
sics  are  V.  Davison's  Neutron  Transfer  Theo^  from  the 
English,  i960,  520  pages,  and  fabjl'es  (^^NucTear  Spectro¬ 
scopy  by  A.  H.  Wapstr,  G.  I.  Nrjh, 

the  English,  i960,  178  pages.  The  book  by  V.  Davlson  is 
the  world’s  first  monograph  giving  a  full  presentation  of 
modern  foreign  mathematical  techniques  for  solving  pro¬ 
blems  involving  neutron  dispersion  in  various  media.  3oms 
techniques  are  desoilbed  in  the  book  for  the  first  time. 
Translation  editor  G.  I.  Marchuk  has  included  a  biLllo- 
graphy,  footnotes,  and  an  appendix  giving  the  fullest 
possible  Ini'ormatlon  about  Soviet  research  in  the  same 
field  possible  in  a  first  edition.  The  book  of  tables 
on  nuclear  spectroscopy  v\^3  Intended  by  the  authoi's  to  be 
a  brief  handbook  on  y-  spectroscopy,  for  this  rea¬ 

son  most  of  the  data  are  presented  in  the  form  of  graphs 
and  tables.  Brief  annotations  facilitate  the  use  of 
this  reference  work.  The  first  pert  of  the  book  contains 
general  mathematical  tables,  atomic  constants,  and  a  des-  , 
cription  of  methods  for  pi'ocessing  experimental  results; 
the  latter  part  contain;:  spectrometer  oallbration  stand¬ 
ards.  The  handbook  likewise  contains  theoretical  infor¬ 
mation.  Of  special  interest  are  the  chapters  on  nuclear 
models  and  angular  disti’lbutions  and  cctrelatlons. 

A  special  place  among  hocks  on  nuclear  physics  is 
occupied  by  the  work  of  T,  A.  Yampol’skly  entitled  Th^^. 
Neutrons  of  Atomic  Explosions,  1961,  i;:;2  pages,  and'"tnu 
Book  Opera  felon '  "Argus  f  rom’tl'ie  English,  i960,  11?  pages , 

The  fIz^‘l“’of  these'aesorlbes  the  physical  picture  of  pre- 
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ce3;3<SB  arising  as  a  result  of  neuti'ons  proauced  in  an 
atoniic  explosion.  After  an  introductory  exposion  of  the 
foundations  of  neutron  physics,  the  author  discusses  the 
spatial  distribution  of  neutron  following  aerial  and 
ground  explosions,  the  role  of  lagging  neutrons,  -rad¬ 
iation  froni  neutron  capture  by  air,  giound  activation, 
and  residual  radiation  from  fission  fragments.  The  final 
chapter  discusses  problems  In  explosive  neutron  dosimetry. 

Operation  "Argus"  was  the  name  given  to  an  experi¬ 
ment  carried  out  in  the  US  in  the  latter  part  of  1958  in 
order  to  study  the  behavior  of  electrons  arising  as  a 
result  of  atomic  explosions  at  an  altitude  of  480  kllo- 
•  mjeters  In  the  earth’s  magnetic  field.  The  explosions 

led  to  the  formation  of  an  artificial  electron  belt  around 
the  earth,  which  in  turn  gave  rise  to  such  effects  as 
aurorae  borealis,  radiowave  distortion,  etc.  Observations 
of  the  electrons  introduced  into  the  earth’s  magnetic 
field  were  carried  out  with  the  aid  of  artificial  satell¬ 
ites  and  rocket  probes  sent  up  to  an  altitude  of  SOO  kilo¬ 
meters.  The  book  Operation  "Argus"  contains  papers  pre¬ 
sented  at  a  special  symposium  held  in  1959  oh  the  effects 
of  artificial  radiation  at  high  altitudes.  The  material 
Included  in  this  book  is  of  theoretical  and  practical 
value  to  many  fields  of  science  and  tecnnology. 

The  popular  scientific  work  by  M,  A,  Bak  and  Yu,  F. 
Romanov  entitled  The  Neutron,  I960,  82  pages,  makes  it 
possible  for  a  wide  circle  o'f  readers  to  get  acquainted 
with  the  discovery  and  basic  properties  of  the  neutron. 

The  book  convinces  the  reader  that  the  neutron  is  actually 
an  important  component  part  of  all  nuclei  and  that  it  was 
this  particle  which  was  responsible  for  the  rapid  growth 
of  nuclear  physics.  The  neutron  plays  a  decisive  role 
In  nuclear  fission  chain  reactions  and  in  the  liberation 
of  intranuclear  energy  on  an  industrial  scale. 

Of  the  recently-translated  popular  scientific  works 
on  nuclear  physics,  the  mot  Interesting  Is  Atomic  Age 
Physics  by  0,  Semat  and  0.  White,  I90I,  205  pages.  The 
Itbok  was  written  in  connection  with  e  popular  course  of 
lectures  presented  to  a  very  wide  audience  over  US  tele¬ 
vision.  The  first  half  of  the  book  deals  with  the  atom 
.  and  its  structure,  the  properties  of  atomic  particles, 

and  the  history  of  their  discovery.  The  second  half  con¬ 
tains  a  detailed  description  of  the  history  of  the  dls- 
covei7  of  the  atomic  nucleus.  A  number  of  chapters  deal 
with  natural  radioactivity,  radioactive  disintegration, 
the  splitting  of  the  nucleus,  particularly  with  the  aid  of 
charged  particle  accelerators.  '  The  final  chapters  des¬ 
cribe  the  latest  advances  in  nuclear  physics  having  to  do 
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tae  liberation  ol  .1  Gi-.ergy  through  I’is- 

Blon  and  fusion.  flie  book  raakee  it  easy  for  the  reader 
to  acquaint  himself  with  the  history  and  development  of 
atomic  and  nuclear  science.  It  will  be  useful  to  the 
readar  regardlese  of  the  level  of  his  familiarity  with 
this  field  of  acienie. 

Essentially  the  same  sub^Jecta  are'  dealt  with  In  the 
books  by  W.  Braubeck  Measurement  Methods  in  Nuclear  Ph^- 
ei03>  translated  from  the  German,  15bCi  ti'/’^pag^es  ancTlI'. 

ShaTO  The  Measurement  of  i^clear  Radiation,  from  the 

EnglisKT T^5I,  yy  P-iges ,  ’nSoThTooks  areHtased  cn  series 

of  popular  articles  published  in  the  periodicals  Atomkev- 

nenergle  (Nuclear  Energy)  and  Nuclear  En.-^ineering'^  TiTTe  e 

books  give  a  brief  but  comprehensive  accounY  of  methods 

used  in  Pleasuring  nuclear  radiation.  The  popuiftr 

scientific  vfork  by  ,T.  Jonae,  J.  Rotblatt,  and  .J,  Wiriiow, 

Atoms  and  the  Universe,  fi'cm  the  English,  I95l,  acquaint?, 
the  reader  wTtH  iKe 'i^undati^  of  nuclear  physics  r.nd 
its  application  to  problems  having  to  do  with  the  »itruc- 
turo  of  the  universe.  The  flr?it  chapters  contain  a  his¬ 
tory  cf  the  discovery  and  properties  of  elementary  pai'tl- 
cles,  the  splitting  of  the  atora  and  the  problem  cf  using 
Intranuclear  energy,  nuclear  reactions  in  the  stars  and 
sun,  and  coEmlc  raya.  The  authors  then  describe  the  pro¬ 
perties  of  matter  accepted  in  olasaical  and  modern  physics 
as  baeed  on  relativity  and  quantum  theorgy.  A  conaJ^der- 
eble  portion  oi‘  the  book  deels  with  the  solar  system,  the 
generation  of  energy  Kithin  the  sun,  the  chemical  compo¬ 
sition  of  the  planets,  the  Milky  Way,  and  a  diacuasion  of 
the  sice  and  age  of  the  universe.  The  book  is  highly 
readable  and  acceeaibie  to  wide  reader  circles. 

THE  PfrZSICS  CF  HOT  PLASMA  AND  CONTROLLED  'PHERMONUC- 
LEAR  REACTIONS.  In  recent  years,  in  connection  with  the 
problem  of  controlled  thermonuclear  reactions  there  has 
been  a  co.nslderable  develop.ment  of  plasma  studies.  This 
in  turn  has  led  to  the  appearance  of  booKs  dealing  with 
the  theory,  creation,  and  use  of  plasmas  both  in  relation 
to  the  above  problem  and  other  fields  of  science  and  tech¬ 
nology. 

The  book  by  V.  ?.  Silin,  and  A.  A.  Rukhadfue  entitled 
The  Electromagnetic  Properties  of  Plaama  and  Plasma -Like 
Media,  19&1>  2~lu  pageo  is  based  on  tHeo re ti c a I~^c n c epTi 
about  media  with  a  anatlal  diapersion  of  dielectric  per¬ 
meability  (Chapter  i) .  In  the  next  two  chapters  tne 
authors  present  a  theoretical  description  of  the  proper¬ 
ties  of  isotropic  and  anlaotroplc  plasma.  In  the  final 
chapters,  there  is  a  generalized  presentation  of  the  ef- 
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fectis  of  apetiai  dlEperslon  on  certain  phenomena  In  metals 
and  an  investigation  of  the  dielectric  permeability  of 
molecular  crystals.  The  book  gives  a  systematic  account 
of  a  large  number  of  Soviet  and  foreign  achievements  (the 
bibliography  contains  285  titles)  and  is  intended  for 
specialising  physicists  and  engineering  physics  students. 

Also  theoretical  in  its  scope  is  the  book  by  D.  L. 
Synge  entitled  Relatlylatlc  Qaa,  from  the  English,  I960, 
139  pages,  ThiV  book  might  be  called  an  introduction 
into  the  kinetic  theory  of  a  gas  whose  particles  have 
velocities  comparable  to  that  of  light.  Such  a  gas  re¬ 
presents  the  limiting  case  of  a  hot  plasma.  The  exami¬ 
nation  of  a  relativistic  gas  is  also  interesting  in  con¬ 
nection  ivith  the  idea  of  a  photonic  rocket  for  space 
flight  purposes.  The  exposition  is  based  on  classical 
concepts,  without  the  use  of  quantvun  mechanics,  and  rests 
on  the  geometric  interpretation  of  the  special  theory  of 
relativity. 

The  book  by  S.  Brown  Elementary  Procesaea  in  Otas 
Discharge  Plasmas,  from  the~  ffnglTs^V  19hl>  deals  with 
problems  of  great  interest  to  plasma  research.  The  book 
is  based  on  a  series  of  lectures  presented  at  the  Massa¬ 
chusetts  Institute  of  Technology  and  technical  reports 
submitted  to  the  Electronics  Research  Laboratory,  In 
scope  the  book  Is  very  similar  to  other  works  on  gas 
discharges,  although  it  does  contain  an  unusually  large 
number  of  figures  and  tables  included  largely  in  the  chap¬ 
ters  dealing  with  transverse  cross-sections,  elastic  col¬ 
lisions,  x^charglng,  and  diffusion. 

Many  of  the  Important  concepts  presently  employed  in 
plasma  research  are  borrowed  from  cosmic  electrodyriamics. 
The  foundations  of  plasma  physics  as  applied  to  cosmic 
phenomena  are  presented  in  Space  Electro dy naml c  s  by  J, 
Danjey,  from  the  English,  l9olV  ^5  pages*  Its  contents 
are  based  on  results  obtained  by  the  British  school  of 
astrophysicists.  This  work  is  intended  for  the  advanced 
reader  who  will  find  in  it  a  new  and  interesting  exposi¬ 
tion  of  many  famous  problems. 

Project  Sherwood  b,v  A,  S.  Bishop  (I960,  175  pages) 
describes  research  carr  .ed  out  in  the  US  on  the  problem 
of  controlled  the imo nuclear  fusion  over  the  years  1951- 
1958.  The  presentation  is  largely  chronological  and  is 
Intended  for  readers  with  little  technical  knowledge.  It 
is  accompanied  by  a  brief  account  of  the  operating  prin¬ 
ciples  of  various  experimental  setups.  The  book  gives 
a  clear  account  of  research  trends  within  the  "Project 
Sherwood"  program  and  on  the  difficulties  of  realizing 
certain  ideas  experimentally. 
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A  v,id-5  cirule  of  nonspeclaliBt  readers  interested  In 
the  problem  of  controlled  nuclear  reactions  will  welcome 
a  book  entitled  Plasma '•^the  Fourth  State  of  Matter  by  D. 

A.  Prank-KamenetsHy,  1^61,  13^  pages,  /Although  this 
work  is  Intended  for  engineers  and  technicians,  it  is  in 
every  v-^ay  accessible  to  readers  with  a  secondary  education. 
The  basic  mathematical  apparatus  in  the  book  Is  elementary, 
with  the  more  difficult  passages  intended  for  the  quali¬ 
fied  reader  set  off  in  small  print. 

THE  PHYSICS  OF  CHARGED  PARTICLE  ACCELERATION.  There 
are  four  books  on  this  subject,  two  of  them  of  a  popular 
scientific  nature.-* 

The  Betatron,  an  Inductive  Electron  Accelerator  by 
L.  M.  Anan'yev,  A.  A.  Voroifl»*yev  and  :6.  I.  Gorbunov,  I96I, 

351  pages  is  baaed  on  the  results  of  both  foreign  and 
Soviet  research.  The  authors  have  had  a  great  deal  of 
experience  In  wortclng  with  betatrons.  Their  book  deals 
with  the  following  subjects:  the  theory  of  electron  mo¬ 
tion,  the  electromagnet  and  its  feeder  circuit,  the  vacuum 
system,  injection  schemes,  beam  extraction  from  the  cham¬ 
ber,  adjusting  elements,  protection  arainst  radiation. 

Ihe  book  Is  also  useful  for  the  case  it  makes  In  favor  of 
betati’ons  of  up  to  30  Rev  in  energy  for  various  practical 
purposes  (defectoscopy,  medicine,  chemistry,  etc.). 

The  collection  of  articles  entitled  Accelerators, 
i960,  12^  pages.  Includes  a  number  of  articles  on  charged 
particle  accelerators.  Some  of  the  articles  are  devoted 
to  a  description  cf  a  ferrite  variator  for  adapting  the 
cyclotron  to  the  phasotron  acceleration  range;  other 
papers  have  to  do  with  a  cyclotron  with  a  periodic  magnetic 
field  for  accelerating  multiply-charged  lone,  and  a  new- 
scheme  of  beam  extraction  from  the  phasotron,  etc.  The 
rest  of  the  articles  have  to  do  with  problems  involved  In 
electron  accelerators;  a  six-mev  linear  accelerator  with 
a  constant  phase  Velocity;  the  dynamics  and  grouping  of 
particles  in  linear  acoeleratoi^;  beam  extraction  from  a 
betatron;  and  finally,  the  problem  of  electron  accumula¬ 
tion  In  accelerators. 

Despite  the  emergence  of  new  types  of  accelerators, 
electrostatic  accelerators  of  charged  particles  and  the 
cyclotron  are  the  most  widely  used  instruments  In  nuclear 
research  and  various  allied  practical  fields.  The 
scientific  popular  bocks  by  B,  M,  Ctokhberg  and  G.  B.  Yan'kov 
Electrostatic  Charged  Particle  Accelerators,  I961,  31  pages 
and  ItJ.  i>.  Pedoro'v,  (Syclotmcn  A  Cy^llcaT  Resonant  Ion 
Accelerator,  i960,  HH  pages  describe  tlhe  "opera ting  princi¬ 
ples,  history,  and  subsequent  development  of  these  ncceler- 
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fttoi'S  whicfi  first  c^anie  into  tholr'  cvin  several  decades  ago, 

Huclear  Povien  Production 

Books  on  this  Babj-sct  may  be  divided  into  three 
grrjupsj  1)  reference  works  of  a  general  character^  2) 
books  having  to  do  with  the  problems  of  nuclear  ref, e tor 
physics  (including  reactor  theory  end  design  and  the 
physics  of  radiation  protection),  and  3)  books  dealing 
with  the  teclinolog:^  and  thermofceohnology  of  reactor  design 
and  explodtation. 

Reference  works.  publications  are  intended 

for  wide  circles  of  specialists  Intereated  in  the  problems 
of  nuclear  power  prodhction  and  allied  scientific  and 
beohnlcal  fields j  they  contain  data  which  can  be  used 
directly  in  their  daily  work..  Among  such  pab3tcaticns 
ar<»  the  following:  A  Handbook  of  Nuclear  Phy5ice  fon^tauts 
for  Reactor  Desigvi  Oewfeyev,  ‘S.  A. 'l?!ar3aHBev , 

■  SEfyiHe V ) ,  I960,  230  pages;  A  Brief  Hamlbook 
for  the  Engineering  Physiciat  ( compil e a” "by  o ro v ) , 

uagea'i  1lcsXneTr^~and  Radiation  Prote c  tlon  { by 
R.  Bger),  from  the  6erraan7i^6iI“CT  pages;  of 

Water-Cooled  Nuclear  Reactor  Corrosion  and  Wear* TrcnTThe 
EnOTs'h-'  e<Iitea''W^.  'gar4clsov,'“^ 9607 '404  page s ;  Power 

Producing  Reactors  in  the  US,  from  the  English,  edited  by 

pages , 

The  first  handbook  contains  basic  experimental  data 
processed  and  presented  in  a  foiro  convenient  for  practical 
use.  Tile  first  and  second  chapters  include  data  on  neu- 
titjn  ercs's-sectlonc  in  the  thermal  energy  ra)igc,  as  well 
ae  according  to  resonance  level  peremeters.  The  third 
chapter  includes  experimental  data  on  inelastic  scattering 
4n(3i  transport  cross-sections.  The  fourth  and  fifth  chap¬ 
ters  contain  data  on  fast  and  intermediate  neutrons,  as 
well  as  fission  product  yields  and  energies.  The  Appendix 
describes  practical  methods  for  using  the  above  information 

The  handbook  for  the  engineering  physicist  Is  of  a 
more  general  character  and  i*  claeslfltid  as  a  work  on  re¬ 
actor  det^ign  by  virtue  of  bha  fact  thac  most  of  its  mat¬ 
erial  has  to  do  with  reactor  physics  and  technology.  A 
specialist  in  reactor  design  will  find  In  it  that  basic 
Information  which  he  rroct  ofr.en  requires  in  his  daily 
v/ork.  At  the  same  tirae,  the  book  presents  sufficiently 
details  material  on  accelerator  technology,  thermonuclear 
reactions,  nuclear  physios,  the  geology  of  atomic  raw 
materials,  lootopcs,  radiation  raedioine  and  biology,  and 
other  pi’oblems. 
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The  book  by  R*  Egex*  cont  Alns  I’eferer.ce  mate  rial  on 
radiation  protection.  It  contains  basic  pbyaicel  const¬ 
ants,  concepts,  and  definitions  having  to  do  with  the 
problems  of  dosimetrj  anci  radiation  protection.  It  like¬ 
wise  has  tables,  forrcular,  and  graphs  necessai’j'^  for  prac¬ 
tical  safety  calculation:.!. 

The  handbook  on  corrosion  and  wear  was  written  by  a 
group  of  American  specialists.  Its  value  i*ests  in  the  fact 
that  it  contains  a  large  body  of  factual  material  rela¬ 
ting  to  the  Important  problem  of  corrosion  and  wear  of 
materials  employed  in  the  inbeid-or  portion^  of  water-cool¬ 
ed  reactors.  The  first  part  of  this  wor^c  contains  an  v. 

examination  of  the  structure  of  a  nuclear  power  production 
installation,  general  data  on  corrosion  and  wear,  criteria 
for  material  selection,  as  well  as  a  consideration  of  pro¬ 
blems  Involved  in  water  technology.  The  second  part  con¬ 
tains  a  description  of  methods  for  testing  materials  for 
resistance  to  corrosion  and  wear,  along  with  tabulated 
experimental  data.  The  thlr-d  part  has  to  do  with  special 
wear  and  corrosion  problems  as  they  relate  to  material 
selection  and  the  choice  of  appropriate  nuclear  reactor 
designs. 

The  handbook  on  nuclear  power  production  reactors  in 
the  US  was  issued  by  the  US  Atomic  Energy  Commission,  It 
represents  a  compendium  of  technical  data  on  10  major 
nuclear  power  producing  installations  either  already 
operating  or  being  designed  and  constructed  in  the  US, 

Each  section  includes  a  brief  description  of  the  reactor 
type,  its  design,  special  feabui*e3,  auxiliary  and  contr-'5l 
systems,  as  well  as  detailed  tabulated  data  on  the  reactor 
and  its  various  systeirs.  A  considerable  namber  of  draw¬ 
ings  illustrate  the  operation  of  each  reactor  described. 

PUBLICATIONS  ON  NUCLEAR  REACTOR  PHYSICS.  Five  books 
belong  under  this  heading. 

The  collection  of  articles  by  Soviet  authoi’s  entitled 
An  Investigation  of  the  Critical  Perameters  of  Reactor 
"Syitems,  l9b0,  ll8  piges  contains  original  articles  hav¬ 
ing  to  ao  mainly  with  theoretical  oalculationo  of  neutron 
streams  and  critical  perameters  (masses  and  volumes)  in 
various  reactor  systems  of  the  following  types:  uranium- 
graphite,  uranium- be ryliura,  and  water  mixtures  of  uranium 
and  plutonium.  The  collection  includes  graphs  and  tables 
which  establish  the  dependence  of  critical  perameters  on 
the  relative  concentration  and  character  of  the  fission¬ 
able  matei'lal  and  retarding  agent  employed,  as  well  as  on 
fuel  enrichment  over  a  wide  range  of  neutron  energy  spec¬ 
tra. 
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inU^iwedlete  Re£iO;.oi*  Phvbica,  ecUtecl  oy  J.  Sten, 
fx\jm  2]lXbE7'7^~6  a  ^  deals  with  pro  Diems 

which  have  not  as  jet  r^oelvect  systematic  coverage  in 
Soviet  literature,  'yhat  we  refer  to  is  a  apeclfic 
brR,nch  of  reactor  (reactors  with  an  intermediate 

neutron  spectrum).  rue  book  in  question  go^;s  a  long  way 
tov^rd  filling  tae  present  need  for  such  a  work.  Although 
the  scope  of  the  book  is  restricted  to  an  im;ertnediate 
reactor  with  a  berj^lium  retarder  and  sodium  heat  transfer 
agent,  many  of  the  theoi*etical  and  experimental- methods 
described  are  of  a  general  chaiaoter  and  may  be' useful  to 
specialists  working  with  other  types  of  reactors. 

The  book  by  T.  Cachan  and  K,  Gausy  entitled  The 
Physics  and  Calculation  of  lluclear  Reactors,  from'TKe 
^*rer.ch,  3^2  pages.  Is  trie  "first  volume  in  a  three - 

volume  set  of  texts  on  nuclear  technology.  It  contains 
an  examination  of  the  foundations  of  atomic  and  nuclear 
physics,  a  tJ.’eatment  of  the  phenomenon  of  radioactivity 
and  the  properties  of  nuclear  radiation  as  well  as  nuclear 
fission  processes  and  chain  reactions.  Some  conaldera- 
tion  is  given  to  the  stationary  theory  and  dynamics  of 
reactors,  as  well  as  methods  for  calculating  homogeneous 
and  varicus  types  of  heterogeneous  reactors.  The  text 
is  illustrated  by  many  numerical  examples  and  character** 
Istlcs  of  operating  reactors. 

Nuclear  Reactor  C  -ntroI,  by  J.  Bowen  and  E.  Ilelstors, 
from  "Syre"  English,  §6  t^ges,  deals  with  the  prooleem 

of  regi.jleting  uranium-gi’apbite  gas-cooled  roacto.rs  which 
have  reached  their  meat  advaiiced  stage  Ir.  England,  It 
Inoludeg  a  description  of  the  opei*atlon  and  calculation  of 
reactor  control  systems  end  the  necessary  equipment, 

Thor'S  is  likewise  a  treatment  of  the  effects  of  radiation, 
reactivity,  and  velocity  of  the  heat  transfer  agent  on 
the  functioning  reactor.  Also  covered  is  the  problem  of 
reactor  atability  in  intermediate  regimes.  There  is  a 
listing  of  criteria  for  apparatus  and  control  systems, 
with  a  hi-lftf  description  of  Irstruments  for  measuring 
neutron  flow. 

In  his  book  entitled  The  Poundations  of  Reactor 
Shielding,  196*1,  3^4  pages,  0 , oisT^ In'  cone e n't raTe s  his 
attcnTTibn  on  a  discussion  of  fundamental  research  in  the 
field  of  reactor  shielding.  In  this  respect  it  is  uvii- 
que  among  bocks  on  this  subject  translated  into  Russian 
which  as  a  rule  deal  mainly  with  research  results  and 
recommendations  on  the  application  of  these  I’esults  in 
engineering  calculations. 

Tile  book  gives  a  detailed  description  or  equipment 
especially  designed  for  general  experiments  on  s’iielding 


££  ir;'j  vesul.-  u  T  thsse  experlrr,5atS;,  and  methods 

tor  cej culatiag  the  pas2..-ge  or'  gamma  reys  and  neutrons 
through  thick  layers  cf  material. 


PUBLICS TIOMS  OW  TKl;  TECHHOLCaY  AKD  THEP.mL  TSOHNOLCGY  CP 
HUCLEAh  REACTORS,  "'"his  gr’oaos  includes  8  books  -  3  on 
tecimcjogy  and  3  ther'rju;!  technolo/:^ . 

Bcokh  on  nuclear  reactor  technology.  One  cf  the 
Riajor  problems  in  power  reactor  design  is  the  corrosion  of 
iraterials  in  reactors  with  water  as  the  heat  transfer 
Egsov.  The  correct  solution  of  water  regime  px’ocTerns  for 
r;uclt?ar  power  installations  is  impossible  without  a  know¬ 
ledge  of  corr-osive  processes  taking  place  at  nigh  tempera¬ 
tures  and  pressures.  The  collection  of  articles  entitled 
The  Corrosion  of  Reactor  Materials,  I960,  ?84  pages,  edi- 
¥ed  "Fy 'deecritjesnmethods  for  corrosion 
and  electrctecbnicai  reoeorch,  examines  the  effects  cf 
water  composition  on  the  corrotiicn  of  structural  materials, 
and  discusses  various  forjns  of  corrosion;  corroslcn  uniei* 
stress,  intercrystalline  corrosion,  and  the  corrosion  of 
reactor  materials.  The  book  contains  a  large  number  of 
experimental  data  which  can  be  used  as  a  reference  source, 

D.  Hoyslngton’s  Foundations  of  Nuclear  Technology, 
from  the  English,  1 961,  398  pages,  ’’deal's” with  “basic  con- 
cepts  of  material  structure  and  tha  problems  of  utilising 
atomic  energy.  Starting  out  with  a  very  brief  exposition 
of  basic  physical  concepts,  the  author  gradually  acquaints 
tha  reader  with  the  structure  of  matter,  the  properties  of 
atoms  and  nuclei,  natural  and  artificial  nuclear  trans¬ 
formations,  etc.  Much  attention  is  devoted  to  prospects 
for  the  development  cf  nuclear  power  production,  radioac¬ 
tive  shielding  problems,  &nd  apparatus  for  measuring 
radiation.  From  che  stylllstic  standpoint  the  book 
should  be  accessible  to  a  large  number  of  readers  without 
speciallsjed  preparation. 

The  book  by  H,  Crouch,  Marina  Nuclear  Power  Installa¬ 
tions,  from  the  English,  196I','  examTnes  the  basic  pivrtTeins 
encountered  in  nuclear  power  system  design.  The  author 
examines  the  special  characteristics  of  such  installations, 
their  economics,  and  describes  the  possible  types  of  nu¬ 
clear  fuel  along  with  methoi  for  the  nuclear  physical  and 
thermophysical  calculations  of  the  active  zone.  He  then 
proceeds  to  evaluate  the  capabilities  of  the  various  types 
of  nuclear  reactors  v^lth  reference  to  marine  power  pro¬ 
duction.  Much  attention  is  devoted  to  the  prc;blcms  of 
safety  aboard  atomic  powered  vessels. 

Methcde  for  finding  optimal  values  of  design  variables 
in  nuclear  power  production  systems  to  assure  the  lowest 


possible  costs  for  aleatricity  pi'oduced.  at  atomic  instal¬ 
lations  are  described  in  P.  Margen's  The  Choice  of  Optimal 
Variables  in  Reactor  Design,  from  the  finsllsh,  i^bl# 
pages'.'  "  We  material  IncTuded  applies  to  uranium- graphite 
reactors  with  gas  cooling  systems.  Many  of  the  techni¬ 
ques  examined  can  be  applied  to  other  types  of  reactors, 
however.  It  might  be  said  that  the  book  represents  a 
first  attempt  to  present  a  comprehensive  solution  to  com¬ 
plex  optimization  problems  in  nuclear  power  production. 

One  of  the  most  important  problems  in  the  operation 
of  nuclear  reactors  is  the  control  of  reactor  radiation. 

The  book  by  M.  Qausy  and  T.  Cachan  entitled  Nuclear  Reac- 
torj3ontrol,  from  the  French,  1961,  Vjh  pages  gives  a 
HefsTn e'a ~de s c rl p 1 1  o n  of  apparatus  for  controlling  radiation 
and  reactor  regulation.  Special  attention  is  devoted  to 
the  biological  hazards  of  reactor  operation  and  shielding 
methods. 

Books  on  the  ther-mal  technology  of  nuclear  reactors. 
The^oenergetica  of  Nuclear  Ihstallatlona  by  B.  V.  Petunin 
pages  contains  int*ontiatl6ri  o'n  nuclear  reactors, 
and  the  calculation  and  design  of  nuclear  power  installa¬ 
tions  with  steam  end  gas  tubine  energy  cycles.  Also  con¬ 
sidered  are  the  characteristics  of  heat  transfer  agents 
presently  employed,  and  the  technological  schemes  of  the 
most  typical  present-day  atomic  electrical  power  stations. 
Also  included  are  data  necessary  for  calculating  and  de¬ 
signing  heat-exchange  apparatus  and  steam  generators  for 
atomic  electrical  power  stations. 

Basic  information  on  thermodynamics  and  heat  transfer 
necessary  for  the  design  and  calculation  of  heat  removal 
processes  from  nuclear  reactors  and  the  transfomatlon  of 
heat  into  other  forms  of  energy  are  described  in  Applied 
Thennodynamics  and  Heat  Transfer,  by  I,  I,  Novikov  and 
iC.  iJoskre'seh^ly,  1961,  5^6  pages.  Like  the  other 
books  in  this  group,  this  book  is  useful  not  only  to 
specialists  in  the  field,  but  also  to  undergraduate  and 
graduate  students  in  higher  educational  institutions. 

The  problems  of  heat  production  in  nuclear  reactors 
and  methods  of  removing  and  usefully  utilizing  reactor 
heat  are  dealt  with  in  Heat  Removal  and  Transformation  In 
Nuclear  Reactors,  by  Il.'namis  and  t,  Agerori,  from  the 
l^hch,  1961.  One  excellent  feature  of  this  woi'k  is  the 
inclusion  of  a  large  number  of  examples  of  the  calculation 
of  heat  removal  and  utilization,  as  well  as  its  extremely 
succinct  and  systematic  styl^  of  pr*esentatlon. 

Nuoleai'  Fuels  and  Materials 
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NUCLEAR  QEOLOOY.  This  section  includes  books  both 
on  geology  and  geophyelcs, 

Uranlur*  Provinces,  by  M.  M,  Konstantinov  and  Ye.  Ya. 
Kulikova,  X^bd,  5^0  pagea,  constitatee  the  most  exhaustive 
compendium  to  the  present  time  of  data  on  the  geology  of 
uranium  provinces  and  deposits  in  foreign  countx’lea.  It 
includes  a  bibliography  covering  almost  all  publications 
on  uranium  geology  published  through  195B,  as  well  as  a 
map  of  the  main  ore  provinces  and  uranium  deposits  in  the 
capitalist  countries  constiuoted  on  the  basis  of  tectonic 
data.  . 

The  first  chapter  gives  a  general  idea  about  uranium 
provinces  and  their  position  in  the  earth's  metallogenlc 
scheme,  the  peculiarities  of  provinces  in  various  geotec- 
tonic  structures,  as  well  as  the  epochs  of  endogenic  and 
exogenic  uranium  accumulation  In  the  earth’s  crost.  The 
authors  express  a  number  of  new  and  quite  original  sup¬ 
positions  of  which  the  most  interesting  has  to  do  with  the 
predominant  location  of  ureniura  ores  In  pre-Cambrian 
shields  at  the  contact  zones  between  Proterozoic  folded 
belts  and  more  ancient  Archean  masses.  Chapters  II-VIII 
are  devoted  to  a  description  of  uranium  provinces  and 
deposits  according  to  separate  regions  and  continents. 

They  include  geological  and  metallogenlc  characteristics, 
as  well  as  geotectonic  analyses  of  the  territories  In 
question.  The  Inclusion  of  such  general  geological  and 
metallogenlc  information  favorably  distinguishes  this 
work  from  earlier  publications  on  the  same  subject  by  R, 
Nayninger,  M.  Rubo,  V,  Domarev,  V.  Kheynrikh,  etc. 

Chapter  VIII  likewise  contains  some  Information  on  the 
uranium  Industrial  base  of  the  capitalist  countries  and 
the  dynamics  of  its  development. 

In  present  day  literature,  very  little  attention  Is 
devoted  to  prospecting,  surveying,  end  testing  of  ureniiun 
deposits.  This  lack  la  to  a  considerable  extent  filled 
by  D.  Ya,  Shrazhskly's  Methods  for  Uranium  Deposit  Pi?08- 
peoting  and  Surveying,  "‘pagesT;  THls  book"  rep- 

re  senw  a  me tho do lo gica '  handbook  on  uranium  prospecting 
and  surveying. 

Its  first  section  aontains  a  general  description  of 
the  types  of  industrial  uT'anium  deposits  and  basic  criter¬ 
ia  for  prospectors.  The  second  part  describes  prospect¬ 
ing  methods  according  to  radiation,  gas,  and  salt  auraolae. 
The  "radiation''  methods  Include  aerial,  ground,  and  sub¬ 
terranean  photography.  The  only  emanation  method  des¬ 
cribed  is  a  rapid  radon  photography  technique.  The  third 
section  covers  preliminary  and  detailed  survey  methods  end 
calculations  of  the  amount  of  uranium  in  the  deposit.  The 
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concluding  chapter  of  this  section  lists  basic  criteria 
for  the  industrial  evaluation  of  uraniu®  deposits  as  well 
as  certain  special  techniques  for  evaluating  their  rich¬ 
ness. 

The  geological-geophysical  servicing  of  uranium  mines 
is  Characterized  by  a  number  cf  specific  peculiarities. 
Methods  for  the  Geological-Geophysical  Servicing  of  Ui*an- 
ium  Mines,  by  G.T,  Petrov/  1C  V.  Kutenkov,' 1.  M.  fenen- 
IBa'um,"  "arid  L.  S,  Yevseyeva,  i960,  217  pages  represents  an 
attempt  to  cover  a  complex  of  geological-geophysical  and 
hydrogeological  measures.  The  book  includes  a  brief  mor¬ 
phological  and  radiological  description  of  uranium  depo¬ 
sits.  It  also  covers  prospecting  and  surveying  systems 
employed  in  uranium  mines,  methods  of  geological-geophy¬ 
sical  mine  documentation,  sample  taking  methoi,  problems 
having  to  do  with  the  sorting,  enrichment,  and  melting  of 
ores,  instructions  for  keeping  loss  and  depletion  records, 
as  well  as  the  participation  of  mine  geologists  in  the 
planning  of  mine  exploitation  work.  The  last  chapter  is 
devoted  to  the  hydrogeological  servicing  of  mines;  it 
describes  the  various  types  of  mine  flooding,  methods  of 
combating  water,  petroleum,  and  gas  in  ore-bearing  strata, 
as  well  as  engineering-geological,  hydrogeological  and 
radlohydrogeological  observations  in  uranium  mines. 

The  book  by  Ts.  R,  Ambartsumyan,  G.  I.  Basalova, 

S,  A,  Gorzhevskaya,  N.  G,  i^azarenko,  and  R,  P.  Khodzhayeva, 
Thermal  Studies  on  Uranium  and  Uranium-Containing  Minci^^l s , 
l^bl,  pages  systematizes  and  generalizes  factual  data’” 
obtained  from  therujoanalytic  studies  of  uranium  and  uran¬ 
ium-containing  minerals.  The  book  contains  standard 
heating  and  dehydration  curves,  as  well  as  data  resulting 
from  studies  of  changes  in  the  physico-chemical  proper¬ 
ties  of  minerals  obtained  with  the  aid  of  crystallo -opti¬ 
cal,  roentgenometric,  microchemical,  and  luminescent  anal¬ 
ysis.  The  minerals  are  described  on  the  basis  of  A.  0. 
Betekhtin»8  classification  system. 

The  book  by  Yu.  M.  Dyrakbv,  The  Uranium  Mineralization 
of  the  Rudny  ttountalns  ,  i960,  lOCt  pages  "gtves  a  brief 
Sescrlptlon  of  geriotlc  peculiarities  of  hydrothermal 
uranium  deposits  in  the  oldest  mining  area  of  Central 
Europe.  It  describes  vein  formations  and  parageneses, 
epochs  and  stages  of  mineralization,  mineralization  phases, 
mineralization  cyclea,  as  well  as  a  number  of  suppositions 
regarding  interactions  between  solutions  and  minerals, 
the  fomation  of  cationic  solfatara  compositions  and  hydro- 
therms,  etc.  In  the  author* s  opinion,  the  uranium  de¬ 
posits  in  the  Rudny  Mountains  were  formed  during  the 
Varlacan  metallogenlc  epoch,  but  that  they  likewise  bear 
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&ig  ■  •  oi  vranaformaticn  during  the  Alpine  epoch. 

The  geochemical  interpretation  of  uranium  mineraliza¬ 
tion  processes  is  baaed  on  an  analogy  with  the  modem 
fumarol-solfatara  process.  It  is  assumed  that  as  the 
magjna  center  cooled,  it  released  masmatic  gases  in  a 
sequence  which  vvas  to  detemine  the  regular  alteration  of 
anions  in  solution.  Metals,  alkaline  earths,  and  alkalis 
emerged  x"‘2?om  the  surrounding  strata  in  areas  of  active  in¬ 
teraction  with  acid  solutlorts* 

The  book^by  A.  A.  Saukov,  Radioactive  Elements  of 
the  Earth,  1961,  l6l  pages.  Is  one~6f  a  series  of  popular 
scientific  works.  It  tells  of  the  history  of  the  dis¬ 
covery  of  radioactive  elements  and  radioactive  transfor¬ 
mations  in  uranium,  actlnouranium,  and  thorium  families; 
other  subjects  covered  are  the  structure  of  the  earth’s 
crust,  the  distribution  of  various  elements  and  their 
radioactive  Isotopes  therein,  the  radium,  uranium  and 
thorium  content  in  various  rook  forsnatlons,  soils,  and 
natural  waters,  atmospheric  mdloactivity  and  uranium 
minerals,  the  earth-energy  thermal  balance  arising  as  a 
result  of  nuclear  disintegration  of  radioactive  elements 
found  in  the  earth’s  crtast,  the  migration  of  i^dioactive 
elements  and  geochemical  cycles,  the  genetic  types  of 
uranium  deposits,  and  various  methods  of  surveying  deposits 
of radioactive  elements.  Written  in  an  interesting  and 

engaging  style,  this  book  can  be  useful  to  the  non  specia¬ 
list  interested  in  radioactive  raw  materials. 

The  last  several  years  have  seen  a  considerable  ex¬ 
pansion  of  the  scope  of  efforts  requiring  the  determina¬ 
tion  of  the  presence  of  uranium,  thorium,  and  their  dis¬ 
integration  pTOducte  in  various  substances.  Of  consider¬ 
able  interest  in  this  connection  are  radiochemical  and 
radiometric  methods  vrtilch  make  it  possible  to  determine 
the  presence  of  uranium  and  thorium  disintegration  pro¬ 
ducts  by  their  radioactivity  levels  alone.  The  book  by 
V.  L.  Shashkln  entitled  Methods  for  the  Analysis  of 
Natural  Radioactive  Elements,  1961,  pages,  contains  a 
systematic  treatmen'6  of"  the  ^ results  of  126  research  pro¬ 
ducts  on  methods  for  determining  radioactive  elements  in 
the  uranium  and  thorium  series  published  in  various  for¬ 
eign  and  domestic  publications  through  i960.  The  seven 
chapters  in  this  book  are  ccncemed  with  the  radioactive 
properties  of  natural  radioactive  elements,  radioactivity 
measui*ement  techniques,  physical  analysis  methods,  tech¬ 
niques  for  determining  uranium  and  thorium  Isotopes,  me¬ 
thods  of  detecting  protactinium,  actinium,  and  radium  and 
polonium  isotopes,  methods  of  detecting  radium  and  radon 
isotopes,  and  finally,  the  basic  principles  of  complex 


148 


:i?adlcohemieal  analysis. 

The  brochure  by  N,  Poeiki  I.  V,  Koshelev,  end 
7,  P.  Bovin,  entitled  Hadlometric  Field  Analyeia  of  0^ 
Samples,  1960,  78  pe ge s  1  a  the  f  1  t  gene ral i 1  on  6“f " 
preset  I  cal  experience  accumulated  by  mining  enterprises 
In  the  field  analysis  of  radioactive  ores.  It  Includes  a 
brief  examination  cf  the  physical  principles  of  the  method 
and  the  elements  of  the  complex  field  laboratory.  mat 
of  the  attention'ia  devoted  to  the  techniques  and  organi¬ 
zation  of  field  analyses  With  the  aid  of  RKS-1,  RKS-2,  and 
HiCS-3  installations,  methods  of  determining  correction 
factors,  as  well  as  error  analysis.  The  appendix  Includes 
technical  criteria  to  oe  used  in  the  planning  cf  control 
•points  with  RKS-1  installations. 

One  of  the  radiometric  technlauea  used  in  detecting 
radioactive  ores  Is  the  3  —  Y"  analysis  technique.  This 
method  was  developed  in  19^7  and  has  since  yielded  a  con¬ 
siderable  amount  of  data.  A  brochure  entitled  The  Analy- 
sis  of  Radioactive  Ores  by  the  3 -Y- Method,  by  Ifin/  ’S. 
Meshlborsk^ya,  "V,  L.  ^hasnkin,  and  X.  ^Tiumilln,  1961, 

64  pages  contains  a  description  of  modem  radioactive  ore 
analysis  methods  according  to  and  Y-X'adiatlon  measure¬ 
ments,  Actually  the  brochure  constitutes  as  handbook  on 
the  analysis  of  radioactive  ores  by  quantitative  radiomet¬ 
ric  methods. 

One  of  the  methods  of  nuclear  physics  assuming  ever 
greater  importance  in  the  detection  of  beryllium  is  the 
photeneutron  technique.  The  Photoneutron  Method  of  Beryl- 
lluro  Detection,  by  Kh.  B.  Tra^ibo'rskaya ,  ^$6 1 ,  51  pages 
deals  with  the  analytic  method  based  on  the  use  of  the 
photoneutron  reaction  in  the  beryllium  nucleus.  It  is  con¬ 
cerned  with  the  general  problems  Involved  in  the  use  of 
nuclear  physics  methods  in  beryllium  detection,  and  like¬ 
wise  includes  a  deaci’lption  of  a  laboratory  variant  of  the 
photoneutron  method.  Taking  into  account  the  special 
role  played  by  safety  techniques  in  the  practical  applica¬ 
tion  of  nuclear  physics  methods,  the  author  has  Included  a 
special  set  of  instructions  on  safety  precautions  to  be 
used  in  working  with  neutren  radiation. 

The  appended  bibliography  Includes  all  the  latest 
writings  on  the  above  subject  published  through  I960. 

NUCLEAR  METALLURGY.  Ever  greater  attention  today  is 
being  concentrated  on  the  study  of  uranium  and  thorium  as 
metals. for  the  purpose  of  developing  new  alloys  to  be  used 
as  nuclear  fuel.  Of  definite  Interest  in  this  connection 
is  the  collection  of  papers  by  scientists  cf  the  Metallurgy 
Institute  imlni  A.  A.  Baykov,  edited  by  0.  S.  Ivanov, 
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entitled  The  Structure  of  Alloyg  of  Certain  Systems  Con¬ 
taining  Uranium  and~Th'orium,  I96IV  ^‘^2  pages,  l^ie' coT- 
lection  confcaTns  the  reaur€s  of  extensive  studies  of  the 
structure,  phase  transformations,  and  properties  of  a 
number  of  double,  triple,  and  quadruple  alloys  based  on 
uranium  and  thorium,  as  v.'ell  as  high-melting  compounds  of 
these  metals,  particularly  berylllde  and  carbide  oxides. 
Particularly  full  treatment  is  given  to  the  binding  of 
uranium  by  sirconium,  niobium,  molybdenum,  and  chromium, 
all  of  which  dissolve  easily  in  -  uranium  and  have  a 
relatively  small  thermal  neutron  capture  cross-section. 

Important  problems  in  the  metallurgy  of  uranium  and 
a  number  of  important  structural  metals  are  examined  in 
the  monograph  by  G.  Ya.  Sergeyev,  V.  V.  Titova,  and  K.  A. 
Borisov,  The  Metallurgy  of  Uranium  and  Certain  Reactor 
Material s7  page’s.  Along  wrth“'3ata  on  "the  " 

st'ruot'ure,  physical,  and  mechanical  properties  of  uranium 
and  its  alloys,  a  considerable  amount  of  attention  is  de¬ 
voted  to  the  effects  of  irradiation  and  thermal  cycles  on 
the  dimensional  and  structural  stability  of  fuels  and 
heat-producing  element  shells,  as  well  as  the  thermal  and 
thermomechanlcal  treatment  of  uranium.  A  separate  sec¬ 
tion  deals  with  the  technique  of  cons true tiag  heat-produ¬ 
cing  elements  with  solid  metal  cores. 

A  wide  range  of  problems  is  treated  in  the  second 
issue  of  the  collected  papers  from  the  Metallurgy  and 
Metal  Studies  Department  of  the  Moscow  Engineering  Physics 
Institute,  entitled  The  Metallurgy  and  Metallic  Properties 
of  Pure  Metals,  edited  by  V,  S,  Yemel*yahbv  and  A.  I', 

Ye vsiyukhin,  T960 ,  33^1  pages.  The  collection  includes 
?7  naners  which  are  concerned  with  such  subjects  as  the  re¬ 
finement  of  chromium,  niobium,  and  thorium,  as  well  as  the 
physical  and  corrosive  properties  and  diffusion  character¬ 
istics  of  zirconium  and  its  alleys.  Desriptlons  ai‘e 
given  of  apparatus  and  methods  for  measuring  internal  fric¬ 
tion  in  zirconium,  niobium,  uranium  and  their  alloys. 

Also  Included  are  the  results  of  studies  on  the  diffusion 
of  sulphur,  phospherous,  carbon,  anc*  binder  components  in 
stainless  steels. 

Be^lllum,  Its  Chemical  Technology  and  Metallurgy  by 
G,  F.  Slilna,  ¥u.  1,  Zaremibo,  and  L.  eV  Bertlha,  l^bO,  120 
pages,  constitutes  a  critical  generalization  of  published 
materials  and  contains  a  description  of  nuclear,  mechanical, 
corrosive,  and  chemical  properties  of  berj'lllum.  Also  des¬ 
cribed  are  industrial  methods  of  obtaining  pure  beryllium 
and  its  compounds. 

It  would  likewise  be  apropos  at  this  point  to  mention 
the  book  by  M.  Sit  tig.  Sodium,  Its  Production,  Fi\:)pertle8, 
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and  Psas,  from  the  English,  1961,  which  deals  with  one  of 
the  more  promising  heat  transfer  agents  used  in  nuclear 
reactors . 

A  special  place  among  publications  in  this  category 
belongs  to  the  book  by  G.  N.  Balasanov,  The  Foundations  of 
the  Automation  of  Technological  Pi\3ce33es  in  the 
niatallurp^  prKare  and  l^dloao^tivi  Metals,  I960,  ^96  pages . 
In  Vela tXvely  compact  form  the  author  diacuases  basic  in¬ 
formation  on  presently  available  automatic  equipment, 
characteristics  of  regulated  objects,  and  methods  of  cal¬ 
culating  and  designing  automatic  control  and .  regulation 
systems. 

From'  among  the  foreign  publications,  we  should  give 
special  mention  to  The  Technology  of  Uranium  Production 
by  C.  Harrington  and~A.  Huhefe  /see  also  the  section  on  the 
chemistry  of  nuclear  materials  beloW^*  from  the  English, 
1961,  536  pages.  This  iicnograph  covers  a  v^ide  range  of 
problems  in  the  study  of  ui'aniiim  metallurgy,  properties, 
and  processing  technology.  Separate  chapters  deal  with 
the  production  of  metallic  uranium  both  by  reduction  with 
subsequent  remeltlng  and  by  the  direct  reduction  of  tetra- 
fluoilde.  Detailed  consideration  is  given  to  forging  pro¬ 
cesses  in  the  alpha  phase  by  means  of  primary  presses  and 
rolling  and  mechanical  treatment  mills.  Be commendations 

for  safety  measures  are  also  included. 

Certain  to  be  of  interest  to  scientific  v^orkers  and 
engineers  employed  by  scientific  research  institutes  and 
industrial  enterprises  is  the  first  collection  of  surveys 
Issued  by  the  Battle  Institute  entitled  Nuclear  Fuel 
Materials,  from  the  Erxglish,  I96I,  273  pages.  Also  in  this 
category  ““is  the  collection  entitled  The  Extraction  and 
Purification  of  Rare  Metals,  from  the  English,  196(1,  5l2 
pagoaT  Wie  papers  in  this  collection,  first  presented 
at  a  symposium  at  the  London  Mning  and  Metalltirgy  Insti¬ 
tute,  contain  the  results  of  laboratory  and  semi-industrial 
studies  on  the  technology  of  uranium,  thorium,  beryllium, 
titanium,  zirconium,  hafnium,  niobium,  vanadium,  selenium, 
and  other  rare  metals.  The  collection  contains  a  wide 
range  of  experimental  data  as  well  as  a  number  of  theoreti¬ 
cal  generalizations  arc  critical  remarks  made  in  the  course 
of  discussions. 

THE  CHEMISTRY  OF  NUCLEAR  MATERIALS.  Books  in  this 
category  are  conveniently  grouped  according  to  the  following 
aubheadlnga:  "General  Chanistry",  "Analytical  Chemistry", 
"Chemical  Technology” . 

One  of  the  Interesting  publications  in  the  first  sub- 
category,  is  The  Chemistry  of  the  Actinide  Elements,  by 
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G.  Seaborg  and  D.  ICatz*  i960,  5^2  pages,  supplemented  by 
materials  publlsiied  In  mid-1959.  This  monograph  contains 
sufficiently  complete  data  on  actinide  chemistry  and  can 
serve  both  as  a  text  and  a  reference. 

The  Chemistry  of  Extraction  Processes,  by  V.  V,  Pcmln, 
AQdO,  'l&fe  "pages  coht'.vfnn'  a  generai'lzaticn"and  analysis  of 
modern  theoretical  concepts  on  tne  extraction  mechanism, 
one  of  the  most  important  processes  in  modem  chemical 
technology.  Along  with  other  problems,  the  author  exa¬ 
mines  the  dependence  of  distribution  coefficients  on  the 
cone snti’at ion  of  the  extragenic  compoaition.of  the  water 
phase  and  the  electrolytic  dissociation  in  the  organic 
phase. 

Two  books  deal  with  problems  in  analytical  chemistry. 
These  are  Uranium  and  the  Methods  its  Determination,  by 
S.  V,  Yelinson,  V.  If.  Markov,  A.  Y. ~^.lnogradov,  A.  Ye . 
KLygin,  and  I.  V.  Moisayev,  i960,  r.64  pages,  and  Slrconlurn ; 
Chemical  and  Physical  Methods  for  its  Analysis',  byTTTI 
7^"Inson  "aha  'Z:  TT '  Te tf pageS: - 

The  first  of  these  contains  a  systematic  treatment  of 
Information  accumulated  over  the  last  fev/  years  in  the 
field  of  the  analytic  chemistry  of  uranium.  After  descri¬ 
bing  the  physical  and  chemical  properties  of  uranium  and 
several  of  its  compounds,  the  authors  give  detailed  con¬ 
sideration  to  methods  for  the  qualitative  detection  and 
isolation  of  uranium,  as  well  as  weight,  volume,  photo¬ 
metric,  electrometric,  luminescent,  and  radiometric 
methods  of  uranium  detection. 

The  book  by  S.  V.  Yellnson  and  K.  I,  Petrov  is  con¬ 
cerned  with  the  chemical  and  physico-chemical  properties 
of  zirconium  and  its  compounds}  it  includes  the  basic 
analytic  reactions  and  describes  the  mor*e  reliable  photo¬ 
metric,  radiometric,  spectral,  rocntgenospecti^l,  chemical, 
and  physical  methods  of  detecting  zirconium  and  vai*ious 
admixtures , 

A  somewhat  greater  number  of  publications  falls  into 
the  category  of  "Chemical  TecVmology",  In  it,  the  reader 
will  find  books  dealing  both  with  the  general  technology 
of  nuclear  materials  and  the  technology  of  Indlvid-paA 
elements  and  compounds. 

The  book  by  Ya.  I.  Zil’berman,  The  Foundations  of  the 
X^liamlaal  ..Tfeahnology  -Qi'..Ar.tiriii6l-Sa51.Qa.ati,ve  Elements . 
1961,  332  pages,  contains  a  systematic  sui’vey  of  informa¬ 
tion  on  the  chemical  technology  of  radioactive  elements, 
mainly  on  the  reprocessing  of  irradiated  nuclear -fuel. 

The  book  likewise  touches  on  problems  Involved  in  the  che¬ 
mical  and  biochemical  effects  of  ionizing  radiation.  The 
simplicity  and  compactness  of  this  work  make  it  an  ideal 
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text  for-  ua'ierg,rad'.;ate  f.rid  graduate  students  in  the  appro- 
prlete  fields. 

Also  of  the  textbook  variety  is  the  work  by  M.  Bene¬ 
dict  ^iid  T.  Pitford  entitled  The  Chemlesl  Technology  of 
Mi^ea^ia_t^ials,  523  pagas.^  froirr^the  ’ BngHsnT'  It 

Tneaud'e^^  a  camprihens.lve  treatment  of  methodo  for  obtaining 
materials  used  in  nuclear  tvcchnology  as  well  as  methods 
for  reorcoesalng  ir-radlated  materials.  Certain  problems 
in  nuclear  physios  and  apparatus  employed  are  discussed  as 
supplementar:'/  material.  Considerable  attention  i.s  devoted 
to  the  pi'oceases  of  isotope  extraction  and  separation  ifnioh 
art-  agsuHiing  industrial  importance  along  with  the  develop- 
merh  of  nuolear  power  production. 

Amung  the  puallcations  deveoted  to  the  proolems  of 
CAhetnlcal  teohnology,  we  should  note  Uranium  Technology  by 
V.  Ih  Shevchenko  and  B,  H.  Sudarikov, pages, 
baot-d  on  a  aeries  of  lectures  presented  by  uhe  authors  at 
the;  Moscow  Chemical  Technology  Instituro  of  the  Order  of 
Lenin  imlnl  D.  I.  Mendeleyev.  After  a  brief  Introduction 
and  description  of  the  chemical  and  physico^'chemioal  pre- 
perties  of  uranium  and  its  compounds,  the  authors  pr*c.oeed 
to  consider  uranium  ores  and  minerals,  their  mechanical 
and  bigh-te.cperature  processing  and  leaching.  They  then 
examine  sedirnentu tion,  sorption,  and  extraction  :nethods  of 
treating  uranium  oi*e  suspensions,  as  well  as  problems 
having  to  do  with  uranium  refining,  oxide  production,  ura¬ 
nium  tec.^'a-  and  heraf luorlde,  and  finally  the  preparation 
of  me  tail! c  uraniun. 

The  book  by  N.  F,  Galkin  and  B.  V.  Tikhomirov  encitled 
The  Basic  Processes  and  Apparetus  of  Uranium  Tecnnology, 
i;5t>"pdges,  ‘'gene'r^Tzes  mat'^r^T^Tri  tifi's  "field  ^b- 
iished  In  recent  years.  The  survey  includes  papers  on  the 
mechanical  processes  Involved  in  the  treatment  of  solid 
materials  and  mixing  in  liquid  media,  as  well  as  classifi¬ 
cation  and  dehydration  processes.  Also  presented  are  the 
general  inass-transfer  laws  which  simplify  the  study  of 
difius'ou  processes,  including  eoli.tion,  ion  exchange, 
extraction,  crystallisation  and  dn-lng. 

Problems  in  cheirtcai  technology  are  likewise  consider¬ 
ed  3  n  tiie  first  part  of  the  book  by  C.  Harrington  and  R, 
fluhele.  The  Technology  of  Ui’anlum  Production,  1951,  536 
pages,  '  'renge  or  pi'clBIeras  c’onpTB'ered'  is  limited  to  the 
chemistry  of  the  process  involved  in  ore  concentrate  ex¬ 
posure,  extraction  processes .  uranyl  nitrate  deco.nposlticn, 
and  teti'ftfluorlde  nroductlon.  Also  included  are  puril*!- 
cation  processes  bssed  on  ether  ana  tributylphosphnte 
extracticn.  The  second  pare  of  the  book  la  concemied  \vith 
technological  schemes  for  uranium  compound  production. 


Tha  ithemistiy  end  Te  thnclog^  of  Ur’anlum-gluorlne 
ComTx>viHa3/l»y  ll.  Uallcifi,  a1  I'^yorov,  V.  t*.  Veryatln, 
feV  N.  SuSarlkov,  N.  3:  Nlkolayev,  Yu.  D.  Shlshkov,  and 
A.  B.  Krutikov,  1961,  3^9  pages  constitutes  a  detailed 
survey  of  research  papers  puhllehed  prior  to  June  i960  on 
the  physico-chemical  prooertles  end  methods  of  producing 
the  hiciii  i'lucrine  cornpcaads  of  uranium.  Consideration  is 
given  to  the  fluorlde-dlsoillation  reprocessing  of  irrad¬ 
iated  nuclear  fuel,  as  well  as  the  chemistry  and  technolo¬ 
gy  of  fluorine,  hydrogen  fluoride,  and  halogenfluo3:*ldes. 

A  brief  description  of  the  properties  of  uranium  and 
jts  lor.s.  Information  about  uranium  ores,  safety  techni- 
c^ue:;  In  the  purification  of  uranium  concentrates  and, 
v/har  is  more  important,  a  description  of  the  theoretical 
and  technological  processes  of  uianium  concentrate  repro¬ 
cessing  up  to  the  level  of  pure  salts  and  metallic  ur-anium, 
compiled  on  the  basis  of  published  data,  wj.ll  be  found  by 
the  jceader  in  The  Technology  of  Uranium  Concentrate  Repr^- 
ceaslng,  by  A.  F.^'M/orov,  and  U.  !?.  Wry^zln, 

1966,  162  pages. 

Of  tne  books  dealing  v<ith  the  chemical  technology  of 
individual  elements,  vie  should  mention  the  survey  work  oy 
0.  Ye.  Kaplan,  Q.  A.  Uspenskaya,  Yu,  K.  Zarembo,  and  I,  7. 
Chirkov,  entitled  Thorium,  its  Raw  Material  Resources, 
Chemistry  and  Technology,  1966^,  pages,  whlcli  cohliains 
a  description  of  THe^physlco-chemical,  cori-osive,  and 
radioactive  properties  of  thoriomj  consideration  iy  also 
given  to  the  analytical  chemistry  and  technology  in  the 
production  of  thcrlum  compounds.  The  survey  likewise 
covers  a  number  of  problems  Involved  in  the  metallurgy  and 
pr-ocessing  of  compact  and  powdered  metallic  thorium. 

Lithixim,  its  Chemistry  and  Technology,  by  Yu.  I, 
Ostroushko,  P.  I.  fiucrtilchin,  Y.  V.  Aleksayev,  and  a  large 
group  of  CO -authors,  1960,  200  pages  also  belongs  in  this 
category.  Together  vdth  an  examination  of  the  most  im¬ 
portant  minerals,  geochemical  and  physico-chemical  proper¬ 
ties  of  lithl\uo  and  Its  compounds,  the  technology  of  lith¬ 
ium  ore  reprocessinf  and  the  analytical  chemistry  of 
lithium,  a  considerable  portion  of  the  book  is  devoted  to 
the  problems  of  llthivun  ore  enrichment  and  metallurgy,  in¬ 
terest  in  which  has  grown  Inconnection  with  the  possiblltty 
of  using  this  element  in  reactors  as  a  heat  transfer  agent. 
Ihe  Burvey  is  compiled  on  the  basis  of  data  published  in 
domestic  and  foreign  sources  over  the  period  I818-1956, 

At  this  point,  we  might  also  mention  Ion -Exchange 
Membranes  and  Their  Appllcatious,  by  B,  I.  Laskorln,  and 
6,  SminiOVA,  1961,  '63  pages,  devoted  to  one  cf  the 
more  Important  modem  areas  of  chemical  technology — the 
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use  of  electrodliysls  with  icnite  roatabranes  In  radiochemi¬ 
cal  production,  uranium  mecailurgy,  and  water  desalination 
A  special  piece  among  books  In  this  category  belongs 
to  Ttte  Theory  of  Isotope  Separation  In  Columns  by  A.  M. 
Rozen,  564  pages/  a'  gener^Tization  of'fbe  author's 

papers  published  since  19-45.  In  the  first  part  of  the 
book,  the  author  examines  allof  the  most  important  counter 
current  separation  processes  from  the  standpoint  of  basic 
.mass-transfer  laws,  and  establishes  a  connection  between 
engineering  and  physical  concepts  as  to  the  motive  force 
behind  the  pi'ocess.  The  second  part  of  the  book  deals 
with  general  methods  for  calculating  columns  and  cascades. 
This  is  follov;ed  by  a  derivation  of  the  general  theory  of 
separation j  optimal  perameters  are  chosen  on  tne  basis 
of  the  theory  of  simliai'lty  of  non-statlonary  processes. 
This  bock  bears  a  close  relationship  to  a  monograph  by 
M.  P,  Maikov,  A.  G.  Zel'dovich,  A.  B,  Fradkov,  and  I,  V. 
Danilov  entitled  The  Production  of  Deuterium  from  Hydrogen 
by  the  Deep  Cooling'  Metho"drT^6I,  TSl  p’ages^  This  'booTc 
c^'t d ins  Ihe  s  1  c o - 1 e chni cal  foundations  of  the  method, 

the  results  of  studies  on  diluted  mixture  rectification, 
and  schemes, for  industrial  installations.  Also  consider¬ 
ed  are  methods  for  hydrogen  purification  and  gas  mixture 
analysis. 

(To  be  continued  in  the  next  issue). 
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